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ABSTRACT 
 
BRIGIT M. CARTER: Identification of Risk Factors for Necrotizing Enterocolitis in 
Preterm Infants: How Race, Gender and Maternal Health Status Contribute 
(Under the direction of Diane Holditch-Davis, PhD, RN, FAAN) 
Necrotizing enterocolitis (NEC) is defined as a gastrointestinal emergency 
affecting primarily preterm infants. While there is no one theory that is accepted 
regarding the etiology of NEC, most researchers have agreed that the pathophysiology of 
NEC is multifactorial. Antepartum problems have been implicated in some studies, but 
further investigation is required to determine if factors related to maternal history 
contribute to the pathophysiologic cascade that causes necrotizing enterocolitis. 
Contributing factors related to genetic and biological characteristics of the preterm infant 
and care of the preterm infant, have been identified in previous studies. This study 
utilized a retrospective design to examine the effect of infant and maternal variables on 
the development of necrotizing enterocolitis (NEC) in preterm infants.  It also examined 
the relationship between certain maternal and preterm infant variables to determine if 
NEC occurs more frequently in preterm infants whose mothers have specific antepartum 
problems. 
This study found that Black women experienced more preeclampsia and maternal 
infection than White and Hispanic women; however, these antepartum conditions did not 
contribute to NEC in the preterm infant. Preterm infants of Black mothers who with 
chronic hypertension were more likely to develop NEC than Black preterm infants whose 
mothers did not have chronic hypertension. There were no racial or gender differences in 
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the development of NEC; however, infants who developed NEC tended to have 
significantly more infections and received more packed red blood cell (PRBC) 
transfusions than infants who did not develop NEC. Black males received significantly 
more transfusions and had more infections than Black females and White or Hispanic 
preterm infants of both genders. 
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Chapter I 
 
Introduction 
 
Necrotizing enterocolitis (NEC) is one of the most common and serious diseases of 
the gastrointestinal system in the preterm infant (Coit, 1999; Lin & Stoll, 2006; Noerr, 2003). 
Although NEC has been described in reports dating back into the late 1800s, no 
comprehensive depiction appeared until the 1960’s when Berdon et al. (1964), and later 
Mizrah, Barlow, Berdon, Blanc, and Silverman (1965), published comprehensive 
characterizations of NEC that included clinical and radiological findings (Coit, 1999; Noerr, 
2003). Currently a multitude of studies identify and describe risk factors associated with 
NEC. While events that lead to NEC in preterm infants are multifactorial and quite complex, 
the most consistent epidemiologic antecedent is extreme prematurity (Henry & Moss, 2008). 
Due to advances in obstetrical and neonatal care, the survival rates for extremely low (<1000 
grams) and very low birthweight infants (<1500 grams), have increased thereby increasing 
the populations most at risk for NEC (Lin & Stoll, 2006). Beyond prematurity, factors 
speculated to contribute to the development of NEC include nosocomial infections, clinical 
treatments (i.e., mechanical ventilation, H2 blockers, progression of enteral feedings, packed 
red blood cell transfusions, and umbilical catheters) and disorders associated with 
prematurity (Claud & Walker, 2001; Dolgin, Shlasko, Levitt, Hong, Brillhart, Rynkowski, et 
al., 1998; Dollberg, Lusky, & Reichman, 2005; Grosfeld et al., 1991; Henry & Moss, 2004; 
Mally, Golombek, Mishra, Nigam, Mohandas, Depalhma, et al., 2006; Noerr, 2003). 
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Preventive interventions that have been incorporated into standard neonatal care (e.g., 
breast milk feeding, slower progression of enteral feeds, antibiotic prophylaxis therapy, and 
use of probiotics) have only resulted in minor reductions in the incidence of NEC. Therefore 
identification of and a better understanding of risk factors are needed so that new 
interventions to prevent NEC can be developed (Bin-Nun et al., 2005; Caplan & Jilling, 
2001; Henry & Moss, 2004; Schmolzer et al., 2006; Updegrove, 2004; Yeo, 2006).   
The foci of this study are risk factors that have been identified by some researchers 
but either are controversial or require further empirical support. These risk factors may 
provide important information that could lead to the development of interventions to reduce 
the incidence and severity of NEC. These risk factors include maternal risk factors that may 
occur more frequently in Black women (e.g., hypertension, pre-eclampsia, eclampsia, 
maternal infections, and cocaine use); infant risk factors including low birthweight, 
prematurity, Black race, male gender; and infant treatment risk factors including number of 
nosocomial infections, number of mechanical ventilation days and packed red blood cell 
transfusions. Further study of these risk factors is vital in order to determine the degree to 
which they contribute to necrotizing enterocolitis. 
Maternal Risk Factors 
Risk factors for NEC may not be limited to neonatal factors. As will be explored in 
this study, maternal factors that contribute to fetal hypoxia are also implicated in the 
development of necrotizing enterocolitis in the preterm infant. Women who experience 
elevated systolic blood pressure, pre-eclampsia, eclampsia, infection, and use cocaine during 
pregnancy are at higher risk for preterm delivery than women without these complications 
and Black women are more likely to experience these complications than women from other 
  
 
3
racial groups (Bada et al., 2005; Bashiri, Zmora, Sheiner, Hershkovitz, Shoham-Vardi, & 
Mazor, 2003; Fiscella, 2004; Ogunyemi & Hernandez-Loera, 2004). Overall, Black women 
are more likely to experience preterm birth than White, Hispanic, or Asian women 
(Goldenberg, Culhane, Iams, & Romero, 2008). Black women are more likely to have 
chronic hypertension and preeclampsia than White women (Chappell, Enye, Seed, Briley, 
Poston, & Shennan, 2008) and maternal hypertensive disorders were found to be an 
independent risk factor for NEC (Bashiri et al., 2003). Black women are also more likely to 
have genitourinary and intrauterine infections than White women (Fiscella, 2004) and are 
more likely to abuse cocaine than women from other racial groups (Ogunyemi & Hernandez-
Loera, 2004). The roles of these maternal risk factors in the development of NEC require 
further investigation.  First, it must be determined if Black women are at increased risk for 
complications that could contribute to hypoxia in the fetus. Second, it must be determined if 
preterm infants of Black women who experience these complications are at increased risk for 
NEC. Understanding of these factors can lead to early identification of infants at risk for 
NEC and appropriate interventions to decrease this risk. 
Preterm Infant Risk Factors 
Low Birthweight and Gestational Age. The incidence of NEC is highest among 
infants born at less than 36 weeks gestation and of very low (<1500 grams) and extremely 
low birthweight (<1000 grams) (Hunter, Upperman, Ford, & Camerini, 2008). With over 8% 
of the neonatal admissions being due to NEC, this disease has become one of the most 
common medical and surgical emergencies for the preterm infant in the NICU (Hunter et al., 
2008). 
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Black Race. Epidemiologic studies have shown that mortality due to NEC is higher 
for Blacks than Whites, and these racial differences remained statistically significant even 
after controlling for geographical region, birthweight, sex, gestational age, and Apgar scores 
(Holman, Stoll, Clarke, & Glass, 1997). In addition, the incidence of NEC was significantly 
greater for non-Hispanic Blacks than for non-Hispanic Whites and continued to be 
significantly greater even after correction for birthweight (Holman, Stoll, Clarke, & Glass, 
1997). While some investigators have acknowledged these racial differences, most 
researchers attribute the disparities in NEC development to the greater rate of low 
birthweight preterm infants among Black women (Holman, Stoll, Curns, Yorita, Steiner, & 
Schonberger, 2006). Additional evidence of these racial differences can support development 
of specific interventions to reduce the risk of NEC in Black infants. 
Male Gender. Another possible risk factor for NEC is male gender, yet most studies 
either did not investigate the relationship between gender and NEC risk or found a 
statistically non-significant relationship. For example, one study found that the incidence of 
NEC was lower in females than in males but this result was not statistically significant 
(Holman, Stoll, Clarke, & Glass, 1997). Therefore, whether maleness is a risk factor for NEC 
remains unclear. As with racial factors, identification of sex-linked effects will provide 
critical information for the design and early implementation of interventions to help reduce 
NEC mortality rates. 
Nosocomial Infections. Another factor that may increase risk for NEC is nosocomial 
infection. Extremely low birthweight (<1000 gm) infants with NEC were found to have more 
episodes of culture-proven sepsis before the development of NEC than infants who did not 
develop NEC (Salhab, Perlman, Silver, & Broyles, 2004). Infants with proven NEC have 
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been found to have a previous episode of associated bacteremia and were more likely to have 
late-onset sepsis before developing NEC than those infants who did not develop NEC (Stoll 
et al., 1996).  Preterm infants with conditions that are frequently associated with NEC (e.g., 
low Apgar scores, hyaline membrane disease, low birth weight and low gestational age), 
when exposed to bacterial infection, may experience intestinal ischemia leading to NEC 
(Boccia, Stolfi, Lana, & Moro, 2001). Preterm infants with the history of bowel injury, such 
as occurs with NEC, had more infections prior to developing NEC than infants without this 
history (Sharma et al., 2005). Additional studies confirming that the risk of NEC is increased 
in infants who develop more than one nosocomial infection during hospitalization could lead 
to practice changes within neonatal intensive care units (NICU’s). Future interventions to 
decrease the occurrence of nosocomial infections may include utilization of oral antibiotics 
and early elimination of intravenous catheters (Krediet, van Lelyveld, Vijlbrief, Brouwers, 
Kramer, Fleer, et al., 2003; Stoll et al., 2002). An additional contributor to increased number 
of infections is intubation/mechanical ventilation. Bizzarro, Raskind, Baltimore, and 
Gallagher (2005) found that infants with late onset sepsis (<30 weeks gestation with infection 
onset between day of life 5 - 30) proven by culture had a larger percentage of mechanical 
ventilation days than infants without late onset sepsis. 
Preterm Infant Treatment Factors 
Mechanical Ventilation. Mechanical ventilation may be another risk factor for NEC. 
Extremely low (<1000 gm) and very low (<1500 gm) birthweight infants, when compared to 
infants >1500 grams, have an increased incidence of respiratory distress syndrome (RDS) 
requiring mechanical ventilation. While Dolgin et al. (1998) concluded that respiratory 
changes they observed in preterm infants preceded intestinal inflammation, they also 
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acknowledged that the causation was not clear. However, in their opinion, the deterioration 
of the respiratory system (e.g., increase in required respiratory support, decreased PO2 and O2 
saturation) was an early sign of NEC. Although the link between RDS and NEC will not be 
directly investigated in this study, RDS is one of the diseases that often require extended 
periods of mechanical ventilation for preterm infants. Preterm infants with longer periods of 
mechanical ventilation (>28 days) have increased risk for late-onset sepsis when compared to 
infants with shorter periods of mechanical ventilation (<28 days) (Stoll et al., 2002). 
Exposure to extended periods of mechanical ventilation can lead to increased number of 
nosocomial infections thereby increasing the risk of NEC (Dolgin et al., 1998). Therefore, 
examining mechanical ventilation, infection and NEC together can determine their 
interactive effects. 
PRBC Transfusion. In addition to issues with infection and mechanical ventilation, 
another common treatment during the preterm infants’ hospitalization is transfusion of 
packed red blood cells (PRBC) to counteract anemia. Preterm infants often require packed 
red blood cell transfusions because of the inability of the premature system to produce 
reticulocytes. An association between packed red blood cell (PRBC) transfusions for anemia 
and NEC has recently been identified and requires additional investigation. Mally et al. 
(2006) found an association between late-onset NEC and PRBC transfusions for anemia in 
infants who were previously stable and had no active medical issues except anemia. 
Theoretically, the process of transfusing packed red blood cells in the premature infant 
interrupts the normal homeostasis of intravascular volume, which potentially produces 
hypoxia. Infants being fed during blood transfusions often experienced the onset of NEC 
symptoms soon after completion of transfusion (Mally et al., 2006). Some institutions 
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respond by holding feedings during PRBC transfusion (Agwu & Narchi, 2005). Because 
evidence to support this practice is minimal, further investigation is needed to determine if 
PRBC transfusion is an independent risk factor for NEC. 
Feeding. Non-breastmilk feedings may be another risk factor for NEC. Necrotizing 
enterocolitis (NEC) has been reduced seven fold in infants who were fed human breast milk 
when compared to formula fed infants (Chauhan, Henderson, & McGuire, 2007; Lucas & 
Cole, 1999). Mechanisms associated with this reduction of NEC include the 
“immunoprotective factors such as immunoglobulin A, lysozyme, epidermal growth factors 
and lactoferrin to the immature upper small intestine” (Chauhan, Henderson, & McGuire, 
2007, p 5). Preterm infants may be deficient in lysozyme, which has antimicrobial factors; 
therefore, the introduction of this enzyme via human breast milk can help protect the bowel 
(Noerr, 2003). This may explain why infants who are fed formula may be at increased risk of 
NEC when compared to infants who are fed with maternal breast milk or donor breast milk 
or receive partial breast milk feedings (Chauhan, Henderson, & McGuire, 2007). 
The purpose of this study is to identify maternal and preterm infant factors that may 
increase the risk of necrotizing enterocolitis (NEC) in preterm infants. Maternal risk factors 
will be explored to determine if preterm infants whose mothers experience chronic 
hypertension, pre-eclampsia, infection during pregnancy and/or have toxicity screens which 
are positive for cocaine are at increased risk for NEC. Preterm infant factors will also be 
explored to determine if preterm infants who experienced more noscomial infections, more 
days of mechanical ventilation and more PRBC transfusions prior to NEC are at an increased 
risk for NEC.  Gender and race will be investigated as well, to determine if Black males are 
at an increased risk for NEC.  
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These variables are studied together to help determine which ones were more 
significant for the development of NEC. The identification of preterm infant factors in 
conjunction with maternal antepartum problems that may increase the risk of NEC will 
expand the clinical profile of preterm infants who are at risk for NEC thereby potentially 
increasing interventions in the clinical setting.  
Therefore it was hypothesized that: 
1. Black women experience significantly more prenatal chronic hypertension, 
cocaine use, infection and pre-eclampsia than White or Hispanic women.  
2. Preterm infants of Black women who experience prenatal chronic 
hypertension, cocaine use, infection and pre-eclampsia have significantly 
more NEC than preterm infants of Black women who did not experience 
antepartum problems. 
3. Black males experience higher rates of NEC than Black females or White 
and Hispanic infants (male and female). 
4. Infants with NEC experienced more nosocomial infections prior to 
developing NEC than infants who did not develop NEC. 
5. Infants with NEC have a significantly higher number of days of 
mechanical ventilation prior to diagnosis of NEC than those who did not 
experience NEC. 
6. Infants with NEC experienced more PRBC transfusions for anemia prior to 
developing NEC than infants who did not develop NEC. 
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7. Black male infants have more days of mechanical ventilation, more PRBC 
transfusions, and more infections prior to developing NEC when compared 
to all other infants. 
 
 
 
 
 
 
 
 
 
 
 
Chapter II 
Identification of Risk Factors for Necrotizing Enterocolitis 
Epidemiological Trends of Factors Associated with NEC 
The incidence of NEC varies tremendously worldwide from 1%-2% in Japan, 7% in 
Austria, 14% in Argentina, and 28% in Hong Kong (Caplan & Jilling, 2001). Incidence of 
NEC in the United States also varies; however, the rate of NEC reported most often in 
ELBW and VLBW infants is 1 to 7% (Lin & Stoll, 2006; Noerr, 2003). These rates are 
similar to those in Canada where Sankaran et al. (2004) showed a 6.6% incidence of NEC in 
the low birthweight population. Although Luig and Lui (2005) found that the rates of NEC 
decreased over two decades in Australia, the incidence of NEC in preterm infants remained 
comparable to the United States (6 to 14% for extremely low birthweight infants and 5 to 7% 
for very low birthweight infants). Countries that experience low incidence of NEC also tend 
to experience a lower rate of preterm births (Noerr, 2003). 
Although the incidence rate of NEC may vary, mortality rates have continued to rise 
in the post surfactant era. Mortality rates from NEC for preterm infants weighing <1500 
grams currently range from 15% to 30% (Lin & Stoll, 2006), although rates as high as 50% 
have been reported (Luig & Lui, 2005). From 1983 to 1985, there were 11.5 deaths per 
100,000 live births pre-surfactant and in the post-surfactant era, 12.3 deaths per 100,000 live 
births were NEC related. The most recent data from the CDC’s National Vital Statistics 
Report (preliminary) show that there were 549 deaths related to NEC in 2005 (International 
Classification of Diseases, ICD Code P77), an increase from 441 in 2004. The Centers for 
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Disease Control also ranks necrotizing enterocolitis as the tenth leading cause of 
neonatal deaths in the United States, accounting for 13.3% of total deaths per 100,000 live 
births, which is an increase from 10.7% in 2004.  
Complications of NEC stem from both medical and surgical interventions and 
contribute to the devastating impact of this disease. Medical management of NEC is directed 
at preventing further injury to the bowel. These interventions vary depending on protocols of 
the institution but most often include stopping enteral feeds and initiating hyperalimentation 
for 10-14 days, replacing gastric secretions and preventing fluid and electrolyte imbalances 
(Carter, 2007; Coit, 1999). Surgical NEC is defined by the need for operative intervention as 
indicated by perforation of the bowel, evidence of bowel necrosis or when the preterm 
infant’s condition worsens despite persistent medical management (Caplan & Jilling, 2001). 
Although most NEC cases can be managed medically, approximately 20 to 40% will require 
surgical intervention (Guthrie et al., 2003; Lin & Stoll, 2006; Luig & Lui, 2005). Those 
preterm infants who survive NEC, are at an increased risk of adverse physical and 
neurodevelopmental outcomes (Lin, Nasr, & Stoll, 2008) and the expense for the healthcare 
system is considerable. 
Importance and Extent of the Problem 
Infants who acquire NEC are prone to both short- and long-term complications. Even 
with successful medical management of NEC, there is approximately a 5% chance that the 
infant will reacquire the disease (Henry & Moss, 2004). Infants with surgical NEC are also 
prone to continued feeding difficulties. NEC has been identified as one of the contributing 
factors for failure to thrive in ELBW infants (Salhab, Perlman, Silver, & Broyles, 2004). 
Removal of even a small portion of the bowel can lead to nutrient absorption problems 
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(Kenner & Lott, 2003, p. 482). Traditionally, infants who suffer either medical or surgical 
NEC require extended periods of nothing by mouth (NPO) for bowel rest and utilize 
hyperalimentation and lipids for nutritional support. These treatments put the preterm infant 
at higher risk for catheter-related sepsis, cholestasis, malabsorption, and electrolyte 
disturbances.  
Infants who require surgical interventions for NEC are subject to intestinal strictures 
(occurring at a rate of 33 to 36%), adhesions, secondary surgeries for reanastamosis when 
primary anastamosis is not possible, wound infections, and short-bowel syndrome (Henry & 
Moss, 2004; Simmonds & LaGamma, 2006).  Necrotizing enterocolitis is the leading cause 
of short bowel syndrome (22 to 50% of the surgical NEC cases). Short bowel syndrome often 
results from surgical resection and shortening of intestinal length due to intestinal necrosis, a 
surgical intervention often required due to NEC (Petty & Ziegler, 2005; Ward & Beachy, 
2003). While bowel resection is a conservative strategy through creation of a stoma to rest 
the bowel distal to the stoma site, preterm infants who required these interventions often need 
additional expensive surgical procedures (e.g., reanastamosis, laparotomies to evaluate for 
strictures/obstructions), and long-term treatments (occupational therapy and feeding pumps). 
These interventions are linked to increased length of hospital stay and have been 
estimated to cost $74 to $186 thousand per acute case (Henry & Moss, 2004). Costs for 
treating infants with surgical NEC have been estimated at $216,666 per survivor (Bisquera, 
Cooper, & Berseth, 2002). These costs do not include the potential long-term care associated 
with the morbidity of the disease or the cost of NEC “scares” (dilated bowel that is not 
classified as pneumatosis but requires intervention) when infants are treated for multiple days 
with antibiotics, serial kidney-urethra-bladder (KUB) X-rays and hyperailmentation 
  
 
13
(Bisquera et al., 2002). Of the $2 billion annual Medicaid expenditures for infant/child 
Medicaid recipients (age 0-19) who are deemed medically fragile, it is reported that 
approximately $133 million has been spent for special healthcare needs typically required for 
preterm infants treated surgically for NEC (Buescher, Whitmire, Brunssen, & Kluttz-Hile, 
2006).  
 Although the percentage of infants with NEC who are medically fragile was not 
investigated in this study, the list of Medicaid CPT codes used to analyze data included 
reanastamosis, gastrostomy tube, and feeding equipment. These types of surgical procedures 
and equipment are frequently required for preterm infant’s who experienced NEC and is 
reflective of the expensive nature of these procedures required to manage surgical necrotizing 
enterocolitis.  
Surgical treatment of NEC has also been associated with growth impairments and 
later neurodevelopmental delays. These growth impairments may be a result of continual 
nutritional deficits caused by inability of the infant to absorb nutrients due to short bowel 
syndrome (Salhab, Perlman, Silver, & Broyles, 2004). 
Neurodevelopmental delays have been shown to occur in infants who experience 
medical and surgical NEC. While investigating NEC, chronic lung disease, sepsis, patent 
ductus arterious, and retinopathy of prematurity, only NEC was found to be an independent 
predictor of cognitive delays (Soraisham, Amin, Al-Hindi, Singhal, & Sauve, 2006). Some of 
the more significant neurodevelopmental impairments have been associated with growth 
impairments, especially in head circumference. Infants with surgical NEC are more likely to 
have smaller head circumferences than those with medical NEC and infants who had not 
experienced NEC at all (Hintz et al., 2005). These findings are similar to other studies that 
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found infants with NEC demonstrated head circumference measurements between the fifth 
and tenth percentiles, which is consistent with abnormal neurodevelopmental outcomes 
(Salhab et al., 2004; Stoll et al., 2004). Infants with NEC were more likely to have 
generalized hypotonia, spastic quadriplegia, spastic diplegia, and spastic hemiplegia when 
compared to preterm infants who did not experience NEC (Salhab et al., 2004). Infection and 
NEC were also found to increase the risk of cerebral palsy, vision, hearing and 
neurodevelopmental impairments of ELBW infants when followed to 18 to 22 months than 
in infants without NEC or sepsis (Stoll et al., 2004). 
Pathophysiology of Necrotizing Enterocolitis 
The complex pathophysiology of NEC contributes to the difficulties in determining 
risk factors for it and hinders the design of preventive interventions. Therefore, 
understanding the pathophysiologic events is necessary to determine how contributing factors 
may initiate the disease process. The sequence of pathophysiologic events that lead to NEC 
have been speculated upon by multiple researchers, however it is generally accepted that 
three major mechanisms are involved in the pathogenesis of NEC. These include “ischemia 
of the bowel, establishment of bacterial flora and the effects of feeding” (Kenner & Lott, 
2003, p. 401). 
Ischemia. Bowel injury caused by hypoxic-ischemic events remains under 
investigation in an effort to better understand how ischemia contributes to the development 
of NEC (Noerr, 2003), where it occurs in the NEC pathway (Lee & Polin, 2003), and which 
non-invasive methods measure the effects of ischemia (e.g., necrosis) (Maalouf et al., 2000). 
While hypoxic-ischemic events are thought to contribute to the pathogenesis of NEC, their 
role may be secondary to other etiologies (Lin & Stoll, 2006). The gastrointestinal system’s 
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mucosal and submucosal layers are structurally thinner and have measurably less frequent 
peristalsis in the preterm infant than in the full term infant. While motility of the 
gastrointestinal system improves after 29 weeks of age, maturation of the bowel is delayed in 
infants who have experienced asphyxia (Kenner & Lott, 2003). Maturational delays triggered 
by an ischemic episode could make the bowel more susceptible to overgrowth of harmful 
bacteria due to decreased motility of the bowel. 
Additional explanations such as the “Herring-Breur” or “diving” reflex mechanism, 
where blood is preferentially diverted from the mesenteric, renal and peripheral vascular bed 
in an effort to protect the heart and brain during an hypoxic event, are not widely accepted by 
researchers (Henry & Moss, 2004; Lin & Stoll, 2006). However, hypoxic-ischemic events 
(e.g., low Apgar scores, mechanical ventilation, umbilical catheters, and significant apnea) 
may have secondary effects in the pathogenesis of NEC (Lin & Stoll, 2006; Noerr, 2003).  
Feeding. Infant enteral formulas are thought to contribute to intestinal damage 
because they often lack the immunologic factors that are provided by human milk, 
specifically immunoglobulin A (IgA)  and anti-inflammatory components which help protect 
infants against gastrointestinal infections (Coit, 1999).  Along with a potential initial 
ischemic event that may contribute to the loss of mucosal integrity, the initiation of enteral 
feeds provides the suitable substrate to encourage bacterial proliferation, which impairs the 
effectiveness of the bowel wall. Subsequently there is a “cessation of protective enzyme 
secretion and those digestive enzymes that are present autodigest the unprotected luminal 
cells. Bacteria then are free to proliferate in the substrate rich environment. The 
immunologically deficient environment permits bacteria to invade the intestinal wall 
releasing toxins with a subsequent invasion of hydrogen gas to the weakened intestinal 
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mucosa. Dissection of hydrogen gas into the serosal and submucosal layers of the mucosa 
then results in pneumatosis intestinalis” (Kenner & Lott, 2003, p. 480). If the “gas ruptures 
into the mesenteric vascular bed it can distributed through the systemic vessels into the 
venous system of the liver (portal venous gas)” (Kenner & Lott, 2003 p. 480). These events 
(release of bacterial toxins and ischemia) can progress to necrosis or gangrene of the bowel 
and can lead to perforation and peritonitis (Kenner & Lott, 2003; Gomella, 1999).  
Hyperosmolar medications and/or formulas cause the bowel to attempt to reduce the 
osmotic gradient through increasing intestinal secretions (Kenner & Lott, 2003). This fluid 
shift in the gastrointestinal tract causes a reduction of blood flow to the bowel and the 
intestinal mucosa becomes ischemic. This fluid shift can also potentially decrease the fluid in 
the bowel wall tissue causing “dehydration of the epithelium leading to morphologic and 
functional alterations in the mucosal lining of the intestine” (Kenner & Lott, 2003, p. 479). 
These changes include a decrease in the height and width of the villi, in the intercellular 
spaces and in the bowel’s ability to absorb (Kenner & Lott, 2003). Because the bowel is not 
absorbing as it should, this results in stasis and ileus which subsequently increases the 
probability for development of abnormal flora in the gastrointestinal tract (Kenner & Lott, 
2003).  Further effects of abnormal flora in the gastrointestinal tract are described in the 
bacterial section below. 
Bacteria. While the preterm infant’s bowel is usually sterile before birth (determined 
by the sterility of the amniotic fluid), it is rapidly colonized with bacteria within 7 to 10 days 
after birth (Claud & Walker, 2001; Coit, 1999). A wide, complex range of aerobic and 
anaerobic flora is involved in this colonization, which often includes maternal vaginal flora 
and environmental exposures. Due to treatments to which preterm infants are exposed 
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(antibiotic therapy, incubators, pacifiers, and hyperalimentation), the intestinal colonization 
process may be delayed or impaired, which can cause slower acquisition of commensal 
bacteria (bacteria that live within the infant but do not cause injury and may be beneficial to 
the host) and higher susceptibility to pathogenic colonization (Caicedo, Schanler, Li, & Neu, 
2005; Claud & Walker, 2001).  
Other contributors to pathogenic colonization include a decreased rate of peristalsis 
leading to a higher bacterial population in the ileum (Hao & Lee, 2004), which may increase 
the rate of bacterial proliferation. The immaturity of the intestinal circulation may 
compromise intestinal peristalsis and decrease bowel motility (Lin & Stoll, 2006).  Peristalsis 
is an important function of the bowel because it propels contents through the lumen forward 
with wavelike contractions (Anand, Leaphart, Mollen, & Hackam, 2007). The level at which 
bacteria adhere to the bowel can increase with slow bowel motility thereby increasing the 
susceptibility to infection (Anand, Leaphart, Mollen, & Hackam, 2007; Claud & Walker, 
2001; Henry & Moss, 2004).  
In contrast to pathogenic organisms, commensal bacteria secrete molecules that 
interact in the normal intestine with a surface population of toll-like receptors (TLR). This 
process enhances the ability of the epithelial surface to withstand injury while simultaneously 
priming the surface for repair responses (Claud & Walker, 2001). Disruption of the TLR 
signaling can compromise the ability of the intestinal surface to protect itself from infectious 
insult (Caicedo, Schanler, Li, & Neu, 2005).  
One of the key elements of the infant’s response to bacterial colonization is nuclear 
factor κB (NF-κB).  NF-κB is found in all cell types and is involved in cellular responses to 
stimuli such as bacterial or viral antigen; it also plays an integral role in regulating the body’s 
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immune response to infection. The activation of genes by NF-κB then leads to a given 
physiological response, for example, an inflammatory or immune response, a cell survival 
response, or cellular proliferation. Active NF-κB turns on the expression of genes that keep 
the cell proliferating and protect the cell from conditions that would otherwise cause it to die 
(Anand, Leaphart, Mollen, & Hackam, 2007; Claud & Walker, 2001) 
Intestinal Immunity. Another pathophysiological explanation of NEC includes the 
immunity of the gastrointestinal system. Episodes that lead to decreased mesenteric 
circulation allow the intestinal microbial flora to penetrate the mucosal barrier. Penetration of 
the mucosal barrier by bacteria initiates the inflammatory cascade that leads to NEC (Ford, 
Watkins, Reblock, & Rowe, 1997). Inflammatory mediators that have been implicated in the 
pathogenesis of NEC include, but may not be limited to, platelet activating factors (PAF), 
tumor necrosis factor (TNFα) and the interleukins (IL1, IL-6, IL-8, IL-10, IL-12 and IL-18) 
(Henry & Moss, 2004; Lin & Stoll, 2006). In an attempt to understand the pathogenesis of 
NEC, Anand et al. (2007) developed a model of factors that can cause impairments to the 
proper functioning of the gastrointestinal barrier which can lead to the inflammatory process. 
The model describes this process as being initiated by some type of systemic stress (e.g., 
infection, ischemic insult, prematurity) that first may cause stress pathways to simultaneously 
activate, leading to the inhibition of pathways that may normally “prevent luminal bacteria 
from causing intestinal injury” (Anand et al., 2007, p. 3).  Once the stress pathway has been 
activated, the cascade effects of the preterm infant’s immune system causes the release of 
acteylhydrolase that leads to leukocyte activation. Cytokines (interleukins, TNF, etc.) are 
released by local intestinal inflammation and later systemic tissue injury. The pathways also 
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simultaneously cause suppression of the immune system activation which usually prevents 
the luminal bacteria from causing intestinal injury. 
 “Platelet-activating factor (PAF) is an endogenous phospholipid mediator which is 
produced by inflammatory cells, platelets, endothelial cells and some types of bacteria” 
(Henry & Moss, 2004, p. 223). The regulation of PAF (controlled by the PAF-degrading 
enzyme acteylhydrolase (PAF-AH) is decreased due to impaired activity of the regulatory 
mechanism which is seen in preterm infants that present with NEC.  As the activity of PAF-
AH lessens, the levels of PAF increase PAF has prolonged cytotoxic effects partly due to its 
ability to induce TNF formation by the intestine and reactive oxygen radical formation that 
produce neutrophil margination and capillary leakage (Henry & Moss, 2004). Preterm infants 
have been shown to have low levels of PAF-AH, making them more susceptible to PAF as 
they are not able to metabolize the inflammatory mediator (Frost, Jilling & Caplan, 2008). 
Also, preterm infants who develop NEC have higher levels of PAF in their stool (Amer, 
Hedlund, Rochester & Caplan, 2004). 
 Nitric oxide (NO) is thought to be a protective modulator for the intestinal mucosa, 
which mediates smooth muscle relaxation and counteracts the vasoconstricting influence of 
cytokines during periods of inflammation or ischemia (Henry & Moss, 2004). Nitric oxide is 
also thought to modulate PAF activity and limit the adhesion of neutrophils to the vascular 
endothelium, directly protecting the mucosal cells. Nitric oxide synthase (NOS) is 
responsible for NO production; its activity has been shown to be inhibited in bowel injuries. 
Pathogenic process of NEC 
The pathogenic process described below is a culmination of the definitions provided 
by Henry and Moss (2004) and Kenner and Lott (2003, p. 402). The pathogenic process is 
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probably triggered by a sub-clinical insult such as a brief episode of hypoxia or infection. 
Due to the initial injury, the mucosal cells cease to produce protective enzymes. The 
digestive enzymes that remain begin to auto-digest the unprotected luminal cells. The injured 
intestines are then colonized by enteric bacteria that proliferated in the substrate rich, yet 
immunological deficient environment; next they begin to bind to the mucosa eliciting an 
inflammatory response.  The inflammatory response leads to further inflammation, abnormal 
counter-regulatory mechanisms, increased permeability of mucosal cells, and translocation of 
bacteria resulting in the recruitment and activation of neutrophils. These activated neutrophils 
injure the mucosa through secondary mediators and reactive oxygen species. The bacteria 
also release toxins and hydrogen gas which may initially dissect beneath the serosal and 
submucosal layers of the intestines, a condition commonly known as pneumatosis 
intestinalis. Should the gas rupture into the vascular bed of the mesenteric vessels, it could 
travel through the systemic vessels into the venous system of the liver producing what is 
known as portal venous gas. A maladaptive vasoconstrictive response caused by bacterial 
toxins results in ongoing ischemia and reperfusion. The end result, therefore, is a cycle of 
feedback mechanisms which ultimately result in necrosis and perforation.  
Maternal Risk Factors 
 Investigating contributors to NEC at the antepartum stage may enhance 
understanding of the pathophysiology of NEC and help determine if certain maternal risk 
factors contribute to NEC in the preterm infant. Maternal risk factors of interest are those that 
have been identified as contributing to the reduction of perfusion to the fetus. Maternal risk 
factors that can interfere with blood flow and oxygen delivery to the placenta include 
maternal hypertensive disorders, pre-eclampsia, eclampsia, maternal cocaine use and 
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maternal infection. These maternal risk factors could predispose preterm infants to bowel 
ischemia through intermittent periods of hypoxia and re-oxygenation, which would increase 
the susceptibility of the bowel to NEC (Coit, 1999). Further discussion of maternal risk 
factors appears below. 
Maternal Drug Use. Maternal cocaine abuse during pregnancy was shown to increase 
the risk of having preterm, low birthweight and intrauterine growth restricted infants (Bada et 
al., 2005). Kiliç, Büyükünal, Dervişoglu, Erdil, and Altiok (2000) evaluated the effects of 
cocaine on the placenta and fetus utilizing Wistar albino rats and rat fetuses. The pregnant 
rats showed a decrease in fetal perfusion, with reduced blood flow rates to the uterus, 
placenta, and fetus. Administration of cocaine at 75mg/kg/day severely decreased the 
perfusion of the uterus and the placenta and even when administered lower doses of 30 or 
50mg/kg/day, the fetuses continued to experience lower perfusion flow rates when compared 
to the non-pregnant rats. The rat fetuses and embryos receiving the higher cocaine dose 
exhibited NEC-like histopathologic changes, a result similar to Büyükünal, Kiliç, Dervişoğlu, 
and Altuğ’s (1994) findings in a previous study that showed histopathologic changes 
resembling NEC in the gastrointestinal tract such as focal necrosis, necrobiosis, and 
hemorrhagic inflammatory changes. In both studies these changes are thought to occur due to 
the vasoconstrictive effects of cocaine which causes elevated norepinephrine levels resulting 
in decreased placental perfusion and ischemia in the fetus (Büyükünal et al., 1994; Kilic et 
al., 2000). 
Maternal hypertension, pre-eclampsia and eclampsia. Bashiri et al. (2003) found that 
maternal hypertensive disorders were an independent risk factor for NEC in low birthweight 
infants (OR 5.21; 95% CI 1.64-16.58). Infants born to mothers with hypertensive disorders 
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have been shown to have absent or reversed end-diastolic (ARED) flow in the umbilical 
artery (Hartung et al., 2005).  Significant associations have been found between NEC and 
abnormal umbilical artery flow. Infants who have absent or reversed end-diastolic flow in the 
umbilical artery are at higher risk for acidosis and hypoxemia and for NEC, which may be 
due to preferential perfusion (heart and brain sparing) that causes a reduction in visceral 
perfusion (Hartung et al., 2005; Henry & Moss, 2004; Lin & Stoll, 2006). While not all 
studies found that these infants had significant increases in NEC, infants of mothers with 
hemodynamic disturbances were found to have significantly increased rates of abdominal 
problems (e.g., bilious vomiting and abdominal distention) thought to be caused by the 
redistribution of blood flow that persisted even after the postnatal period (Robel-Tillig, 
Vogtmann, & Bennek, 2002).  Although a causal relationship was not inferred, the 
association between ARED and NEC was enough to warrant caution with enteral feeding 
progression for infants who demonstrated ARED of the umbilical artery (Kirsten, van Zyl, 
Smith, & Odendaal, 1999). 
Complications associated with pre-eclampsia and eclampsia including preterm 
delivery, intrauterine growth restriction (IUGR), low Apgar scores and fetal distress, can lead 
to the pathophysiologic processes that cause NEC (Yücesoy, Özkan, Bodur, Tan, Çahşkan, 
Vural, et al., 2005). The common pathophysiology between maternal hypertensive disorders 
(chronic hypertension, pre-eclampsia and eclampsia) is the reduced uteroplacental blood flow 
which causes “progressive obliteration and sclerosis of the arteries in the tertiary villi of the 
placenta” which may cause a hypoxic or ischemic injury to the fetus (Bashiri et al., 2003, p. 
406).  Chronically hypertensive women have increased fetal complications when compared 
to women without previous diagnosis of hypertension. “The neonates of women with 
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hypertensive disorders were more likely to suffer adverse outcomes than those of women 
without hypertension, especially neonates whose mothers had chronic hypertension with 
superimposed pre-eclampsia” (66%  of neonates died whose mothers who did not have 
hypertension, 77% of neonates died whose mothers experienced chronic hypertension, 81% 
of neonates died whose mothers experienced pre-eclampsia, 86% of neonates died whose 
mothers experienced chronic hypertension with superimposed pre-eclampsia, and 62% of 
neonates died whose mothers experienced gestational hypertension) (Roberts, Algert, Morris, 
Ford, & Henderson-Smart, 2005, p. 334).  Up to 42% of the neonatal morbidity for infants 
born to hypertensive women can be associated with being less than 33 weeks’ gestation 
(Roberts et al., 2005). Maternal hypertensive disorders, whether chronic or diagnosed in 
pregnancy, are contributors to preterm delivery; subsequently this can be a major 
contributing factor to the development of NEC in the neonate. 
Maternal infection. Approximately 25 - 40% of women who experience preterm labor 
at early gestational ages (21-24 weeks) have an intrauterine infection such as chorioamniotis 
(Goldenberg, Culhane, Iams, & Romero, 2008). Similarly, pregnant women with bacterial 
vaginosis are at an increased risk for preterm labor (Goldenberg, Culhane, Iams, & Romero, 
2008). Maternal infections such as bacterial vaginosis, chorioamnionitis and genital tract 
infections independently increase the risk for thrombosis and necrosis of the deciduas basilis, 
as well as abruptio placenta, all of which increase the risk for preterm delivery (Fiscella, 
2004; Goldenberg & Hauth, 2000). A necrotic deciduas basilis can contribute to decreased 
placental vessel density, which decreases fetal oxygenation (Plaisier, Rodrigues, Willems, 
Koolwijk, van Hinsbergh, & Helmerhorst, 2007). The increased risk for delivery at 
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gestational ages of less than 29 weeks can also increase the risk of NEC because early 
gestational age is an independent risk factor for NEC (Guthrie et al., 2003). 
Maternal infections have also been associated with preeclampsia (Rustveld, Kelsey, 
& Sharma, 2008). A meta-analysis of 16 studies provided evidence that mothers who 
experience bacterial or viral infections are more likely to experience preeclampsia and 
preterm birth (Rustveld, Kelsey, & Sharma, 2008). As stated in the previous section, factors 
associated with preeclampsia contribute to preterm infants’ increased risk of NEC. 
Preterm Infant Risk Factors Associated with Treatment 
Treatments common for preterm infants often increase the risk of infection, alter 
bowel immunity and blood flow and can ultimately lead to NEC. Understanding the 
outcomes of these treatments can increase the effectiveness of interventions directed at 
decreasing the rate of NEC in preterm infants. 
Neonatal infection. The number of nosocomial infections experienced by preterm 
infants prior to the development of NEC may be related to the increased risk of NEC for that 
infant. The differences in number of infections might be attributed to increased utilization of 
parenteral nutrition, which has been shown to have an immunosuppressive effect by 
impairing the phagocytosis and killing of coagulase negative staphylococci (Flidel-Rimon, 
Friedman, Lev, Juster-Reicher, Amitay, & Shinwell, 2004, p. 291). Also, infants who require 
central intravenous therapy devices for prolonged periods are at increased risk for pathogenic 
organism entry prior to the development of NEC (Sharma et al., 2005). 
Ascertaining if there is a cause-effect relationship between infection and NEC is 
difficult. Vulnerability to infection could be caused by the over-utilization of antibiotics 
which may result in the overgrowth of pathogens and antibiotic-resistant bacteria, 
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subsequently increasing the number of infections (Tom-Revzon, 2004). As discussed in the 
previous pathophysiology section, these infections might trigger the pathogenic process that 
leads to NEC. On the other hand, infections prior to NEC could indicate that being subjected 
to increased number of infections potentially decreases an infant’s immunological 
competence, thereby increasing vulnerability to successive pathogens.  Another possible 
explanation is that the increased number of infections is in fact due to the preterm infant’s 
decreased immune competence. Most investigators acknowledge that infants are at increased 
risk for NEC because of the presence of pathogen or possible imbalances in the intestinal 
microbial flora (Horton, 2005). However, no literature identified to date has examined the 
mechanism by which the number of infections experienced by preterm infants affects their 
risk for developing NEC. 
Preterm infant birthweight and mechanical ventilation. Several investigators have 
suggested that very low birthweight and mechanical ventilation are risk factors for NEC. 
Infants with birthweights of <1500 grams and diagnosed with NEC had a greater need for 
mechanical ventilation than infants of the same birthweight without NEC (Shankaran et al., 
2004). Dolgin et al. (1998) found that preterm infants who were recovering from respiratory 
distress syndrome had increased metabolic demands and demonstrated signs of respiratory 
decompensation before signs of intestinal inflammation that resulted in NEC.  
Again, determining if there is a cause-effect relationship between mechanical 
ventilation and NEC is difficult. Extremely low birthweight infants’ initial survival often 
depends on intubation at birth, potentially increasing the risk of infections including NEC. 
The act of intubation and the indwelling endotracheal tube may destroy the integrity of the 
infant’s esophageal mucosal barriers, increasing the risk for infection. Also, invasion of the 
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esophagus could possibly lead to the introduction of pathogens to the bowel, which could 
initiate the NEC process. A decrease in pulmonary reserve and respiratory decompensation, 
which requires increased respiratory support, may lead to intestinal injury but further 
evidence is required before a causal relationship can be determined (Dolgin et al., 1998).  
Preterm infant feeding. Early studies have shown that preterm infants fed with human 
breast milk had a lower risk of NEC when compared to preterm infants fed with formula 
(Lucas & Cole, 1990). Similar studies showed that even feedings that only contained 50% 
human breast milk led to a six-fold decrease in the risk of NEC (Sisk, Lovelady, Dillard, 
Gruber, & O’Shea, 2007). While researchers agree that human breast milk has 
immunoprotective factors that have shown to reduce the risk of NEC, randomized feeding 
trials to test the benefits of breast milk over formula have not been accomplished without the 
bias of unblinded caregivers (Chauhan, Henderson, & McGuire, 2007). This situation is 
understandable, given that most researchers are not likely to deny an infant treatment that 
clearly has beneficial nutrient advantages (Henderson, Anthony, & McGuire, 2007). 
Packed red blood cell transfusions.  Most ELBW and VLBW infants will experience 
periods of chronic or even acute anemia. Preterm infants may experience anemia due to “1) 
loss of red blood cells or hemorrhagic anemia, the most common cause; 2) increased 
destruction of red blood cells, or hemolytic anemia; or 3) underproduction of red blood cells, 
or hypoplastic anemia” (Gomella 1999, p. 316); or 4) loss due to blood draws. Infants with 
blood loss due to acute anemia could experience peripheral vasoconstriction causing a 
reduction of blood flow to the bowel (Kenner & Lott, 2003, p. 604).  Infants who experience 
chronic anemia are not likely to experience the same type of vasoconstriction as with acute 
anemia, however there is a reduction in the preterm infants ability to oxygenate the blood and 
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the administration of PRBC’s can dilute the intravascular volume leading to hypoxia causing 
the body to protect major organs by diverting blood away from the bowel. Infants that are fed 
during administration of PRBC’s may experience feeding intolerance which may be due to 
the imbalance in the hematologic system during transfusion.  
Preterm Infant Risk Factors 
Preterm infant birthweight and gestational age. While lower gestational age is 
associated with higher rates of NEC, extremely low birthweight (<1000 grams) is the 
strongest indicator for NEC when compared to infants with birthweight >1000 grams 
(Guthrie et al., 2003). When birthweight is included in statistical analysis, it will often render 
other variables insignificant (Guthrie et al., 2003). Because birthweight is inversely related to 
NEC, infants of lower birthweight have higher rates of NEC (Lin & Stoll, 2006; Guthrie et 
al., 2003). The literature indicates that over the past 20 years, trends related to birthweight 
and NEC have remained relatively unchanged (Fanaroff et al., 2007; Holman, Stoll, Curns, 
Yorita, Steiner, & Schonberger, 2006; Lin & Stoll, 2006). 
Epidemiological studies completed as early as 1981 have shown that the highest 
incidence of NEC is among extremely and very low birthweight infants (751-1000 grams) 
when compared to preterm infants between 1500-2500 grams (Wilson et al., 1981). The 
findings of Grosfeld et al. (1991) were similar when comparing statistics from 1972 through 
1982 and 1983 through 1990. The mean birthweight of infants who developed NEC during 
those study periods decreased from 1645 grams in 1972 - 1982 to 1505 grams in 1983 - 1998. 
Holman et al. (2006) reviewed data from the Kids’ Inpatient Database of the Healthcare Cost 
and Utilization Project (HCUP) for the year 2000 regarding NEC hospitalizations. During 
that year there were an estimated 4,463 hospitalizations associated with NEC in the United 
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States per 100,000 live births. Of these hospitalized infants 2,554 were <1500 grams and 
1,047 were between 1500 and 2500 grams.  
Preterm infant gender. Studies that have investigated the relationship between gender 
and NEC have had inconsistent findings. Studies such as Wilson et al. (1981) either did not 
investigate gender or found a statistically non-significant relationship between gender and 
NEC. Although the results were not statistically significant, Llanos et al. (2002) found that 
the incidence of NEC was lower in females than in males. However, when male and female 
preterm infants of similar gestational age were compared, mortality rates were greater for 
males (51%) than for females (35%) (Lemons et al., 2001). Similarly, in 2003, based on the 
tenth revision of the International Classification of Diseases (ICD), necrotizing enterocolitis 
caused a total of 232 deaths among male preterm infants compared to 173 deaths in female 
preterm infants (http://www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_05.pdf). 
Preterm infant race. As early as 1981, evidence existed of differences in the rates at 
which Black infants acquired NEC when compared to Whites. The overall incidence of NEC 
for Black infants was approximately 1.6 versus 0.5 cases per 1000 live births for Whites 
(Wilson et al., 1981).  
Data to support the disparity between Black and White preterm infant’s mortality 
from NEC were available as early as 1989 when Holman, Stehr-Green, and Zelasky (1989) 
evaluated mortality from 1979 - 1985. Using the National Center for Health Statistics 
(NCHS) data, they found that the rate of death for Black infants from NEC (32.4/100,000 
live births) was significantly greater than that of Whites (9.4/100,000 live births). These 
trends continued, supported by Holman, Stoll, Clarke, and Glass (1997) when they evaluated 
two later time periods (1983 – 1985 and 1990 – 1992) that showed Black infants of both 
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sexes had higher mortality rates associated with NEC than White infants of both sexes. These 
racial differences remain significant even after controlling for birthweight, gender, 
gestational age, Apgar scores, and geographical region (Holman et al., 1997).  
Table 1 shows a portion of the CDC infant, neonatal, and post-neonatal deaths that 
include percentages of total deaths and mortality rates for the 10 leading causes of neonatal 
death by race and sex for 2004, including NEC. These data indicate that mortality rate due to 
NEC is highest among Black males when compared to other groups. 
Table 1. Neonatal Deaths Caused by Necrotizing Enterocolitis by Race and Gender as 
Reported by the CDC (http://www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_05.pdf) 
Race and Gender Ranking Number Percent of Total Deaths Mortality Rate per 
100,000 live births 
White Male 10 81 1.7 6.9 
White Female 10 66 1.7 5.9 
Black Male 10 92 2.0 31.2 
Black Female 9 68 1.9 23.9 
(*Neonatal indicates <28 days, number of deaths per 100,000 live births. Deaths based on 
race of decedent, race of infant based on maternal race) 
 
According to the data in Table 1, Black infants of both sexes have higher rates of 
death due to NEC than Whites. Hospitalizations in the United States that were attributed to 
NEC were investigated, and NEC-associated hospitalizations were found to be higher for 
non-Hispanic Blacks than for non-Hispanic Whites and Hispanics (Holman et al., 2006). 
While these findings may indicate an increased risk of NEC for Black infants, investigators 
continue to attribute this to the increased numbers of premature infants in this racial group 
(Holman et al., 2006; Lin & Stoll, 2006; Llanos et al., 2002). Other investigators attribute 
this increase to maternal behaviors such as cocaine use, smoking, and late or no prenatal care 
(Bada et al., 2005). Whatever the potential cause, this is a significant racial disparity that 
requires further investigation. 
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Black males.  As previously noted, the tenth revision of the International 
Classification of Diseases (ICD) stated that necrotizing enterocolitis caused a total of 232 
deaths among male preterm infants compared to 173 deaths in female preterm infants. 
However, of those male deaths, 159 were Black (Lemons et al., 2001). Holman et al. (2006) 
found that the rate of hospitalizations for NEC were highest for low birthweight non-
Hispanic Black males when compared to Whites and Hispanics of both sexes. Similarly, 
Llanos et al. (2002) found that the incidence of NEC was highest in the non-Hispanic Black 
population. While the incidence was also higher in males than in females the differences 
were not statistically significant (Llanos et al., 2002).  
Potential Racial Risk Factors of NEC and Evidence of Racial Disparity 
Investigators are beginning to suggest that Black preterm infants may have a higher 
rate of necrotizing enterocolitis and that this disparity requires further investigation (Lin & 
Stoll, 2006). The higher rate of NEC in Black preterm infants has been partially attributed to 
the increase in preterm birth and delivery of low-birthweight infants by Black women 
(Holman et al., 2006). Black women have the highest rates of low birthweight and lower 
gestational age births of any racial group (Table 2); however, other risk factors for NEC 
(chronic hypertension, pre-eclampsia, cocaine use and infection during pregnancy) require 
further investigation.  
Racial differences associated with pregnancy and preterm delivery should be 
addressed further in the effort to identify underlying factors which may contribute to the 
physical factors (e.g., stress, infection, and hypertension) that increase the rate of preterm 
delivery in Black women. Black women are exposed to higher levels of stress; higher poverty 
rates; less access to, availability of and affordability of healthcare; poorer physical 
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environments; and riskier lifestyle behaviors than White and Hispanic women (Hogan, 
Njoroge, Durant, & Ferre, 2001). In addition, a lack of trust between Black women and the 
health-care system contributes to the under-utilization of healthcare resources (Sheppard, 
Zambrana, & O’Malley, 2004). However, even after removing lack of trust as a variable 
affecting healthcare utilization during pregnancy, racial disparities (e.g.,  under-utilization of 
prenatal technologies and higher rates of Cesarean births) remain in spite of federal and state 
initiatives to improve prenatal, perinatal and postnatal maternal and child services (Smedley, 
Stith, & Nelson, 2003).  
Maternal factors that contribute to the higher rate of preterm delivery among Black 
women, which in turn indirectly contribute to the increased rate of NEC among Black 
infants, include, but are not limited to, preterm delivery (low birthweight infants), insufficient 
prenatal care, higher rates of maternal hypertension and preeclampsia, higher rates of 
maternal infection, maternal cocaine use, depression and stress, and lack of access to as well 
as lack of trust in healthcare services. 
Preterm infant birthweight. Black women are more likely to give birth to low 
birthweight infants than Whites and Hispanic women. Low birthweight is clearly a 
contributing factor to the incidence of and mortality related to NEC. Over the past two 
decades, there has been a significant increase in the number of lower birthweight infants who 
are now surviving (Henry & Moss, 2008). This continued improvement in their survival rate 
can be attributed to the development and utilization of surfactant, antenatal steroids 
administered prior to delivery to promote lung maturation and the improved technology in 
the neonatal intensive care unit (Henry & Moss, 2008; Luig & Lui, 2005).  
  
 
32
The higher percentage of low birthweight infants born to Black women has been 
attributed to the women’s lower rate of prenatal care. Vintzileos, Ananth, Smulian, Scorza, 
and Knuppel (2002) found that when compared to White women, Black women were 3.2 
times less likely to receive prenatal care; however, they also found that preterm birth rates for 
Black women were higher in both the absence and presence of prenatal care when compared 
to White women. Although lack of prenatal care is a contributor to preterm delivery of low 
birthweight infants, maternal high risk conditions experienced during the antepartum phase 
(e.g., chronic hypertension and pregnancy induced hypertension) were also associated with 
preterm birth (Vintzileos et al., 2002).  
Preterm delivery. Data suggesting that preterm delivery could be associated with 
increased risk of NEC are minimal. However, the literature has frequently stated Black 
women in the United States are at higher risk for preterm delivery and their infants have 
higher mortality rates (Howard, Marshall, Kaufman, & Savitz, 2006). Because prematurity is 
one of the major predictors of NEC and Black women are at higher risk for preterm delivery, 
it is reasonable to propose that Black preterm infants are more at risk for NEC (Lin & Stoll, 
2006; Llanos et al., 2002; Holman et al., 2006).  
Prenatal care. In the United States, Black women have lower rates of prenatal care 
than all other races with the exception of Native Americans (Aday, 2001). Black women with 
no prenatal care throughout their pregnancies were found to have the highest rate of preterm 
birth (Vintzileos et al., 2002). Failure to obtain prenatal care among Black women has been 
linked with lack of private insurance, changes in federal assistance criteria, and lack of trust 
in health-care providers and the overall health-care system (Aday, 2001; Vintzileos et al., 
2002). A better understanding of factors associated with the lack of prenatal care can lead to 
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development of interventions for the populations most at risk. Efforts to increase the rate of 
prenatal care among Black women may lead to a lower rate of preterm births thereby 
decreasing the rate of NEC in infants born to Black women. 
One in four Black women is uninsured at the beginning of their pregnancy (Aday, 
2001). Because the Welfare Reform Act of 1996 broke the link between Medicaid and other 
types of Federal assistance, women who were eligible for assistance ceased to qualify for and 
receive Medicaid automatically. The Temporary Assistance for Needy Families (TANF) 
denied Medicaid benefits at a relatively low income eligibility level, consequently penalizing 
low-income working mothers (Aday, 2001). Restoring Medicaid eligibility will not, in itself, 
be sufficient to increase the number of women who seek prenatal care. Even when women do 
qualify, they may still experience prohibitive barriers to access and availability. More than 
29% of obstetrical services in the United States refuse to accept Medicaid. This is especially 
a problem in the urban and rural areas because high numbers of Black women live in these 
geographical areas. Data from the 2005 National Vital Statistics Report (Table 2) shows that 
only 76% of Black women seek prenatal care in the first trimester and of the remaining 24% 
only 5.4% receive late prenatal care (third-trimester). Black women had the highest 
percentage of very preterm (<32 weeks) and low birthweight (<1500 grams) infants as 
compared to women of all other races.  
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Table 2. Racial Comparisons for Prenatal Care, Preterm Delivery, Smoking and Marital  
Status based on the 2005 National Vital Statistics Report    
(http://www.cdc.gov/nchs/data/nvsr/nvsr55/nvsr55_14.pdf) 
Race Birth 
age 
<32 
weeks 
Birth 
weight
<1500 
grams 
Smoker Unmarried Prenatal 
care 1st 
trimester 
Prenatal care 
3rd trimester 
or no care 
White 1.63% 1.20% 13.9% 24.5% 88.9% 2.2% 
Black 4.04% 3.14% 8.5% 69.2% 76.5% 5.7% 
American Indian 2.17% 1.28% 18.2% 62.3% 69.9% 7.9% 
Asian/Pacific 
Islander 
1.49% 1.14% 2.2% 15.5% 85.6% 3.0% 
Hispanic 1.76% 1.19% 2.9% 46.4% 77.4% 5.4% 
 
An epidemiologic study by Holman et al. (1997) showed that even after birthweight 
had been taken into account, the risk of NEC death was higher for neonates born to Black, 
unmarried women younger than 17 years of age with few or no prenatal care visits. This 
statistical disparity is thought to be caused by the higher number of Black preterm infants 
who live past the first week of life when compared to White preterm infants (Holman et al., 
1997). Although prenatal care has not been shown to have a direct cause-effect relationship 
with NEC, it is nonetheless important to discuss this disparity; such discussions can only aid 
researchers’ efforts to understand the known association between low birthweight preterm 
infants and NEC. 
Maternal hypertension disorders. Physical problems experienced more frequently by 
Black women than by other groups have been identified as contributing factors for preterm 
delivery; maternal hypertensive disorder is one such factor. Causal links have also been 
established between chronic hypertension, pre-eclampsia and NEC. Bashiri et al. (2003) 
found that maternal hypertensive disorders were an independent risk factor for NEC in low-
birthweight infants (OR 5.21; 95% CI 1.64-16.58). This study did not categorize these results 
by race; however, a 10-year retrospective chart review study showed that Black women had 
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higher blood pressures and more frequently met the criteria for severe hypertension at 
diagnosis and required more intravenous therapy for abnormal blood pressure both before 
and after delivery than did White and Hispanic women (Goodwin & Mercer, 2005). More 
recent studies have shown that Black women are 1.2 times more likely to have preeclampsia 
than White women (Tucker, Berg, Callaghan, & Hsia, 2007). 
Maternal infection. Black women have higher rates of bacterial vaginosis, 
chorioamnionitis and genital tract infections than White women (Goldenberg & Hauth, 
2000). These types of intrauterine infections are associated with as much as 80% of the 
spontaneous preterm births in Black women (Fiscella, 2004; Goldenberg & Hauth, 2000). A 
review by Fiscella (2004) suggests that the convergence of infection and microvascular 
dysfunction causes complications for Black women during pregnancy that increase their 
infant and maternal mortality rate. Because pregnancy causes major vascular alterations, the 
cardiovascular risk factors of these women may interact with the placenta in ways that cause 
preeclampsia, which reduces blood flow to the uterus, placenta and fetus. 
Maternal illicit drug use. Maternal cocaine abuse during pregnancy has been shown 
to increase the risk of having preterm, low birthweight, and intrauterine growth restricted 
infants (Bada et al., 2005). Black women are 4.9 times more likely to abuse cocaine during 
pregnancy than women in other racial groups (Ogunyemi & Hernandez-Loera, 2004). In their 
study, Ogunyemi and Hernandez-Loera (2004) found that 40% of their study sample versus 
6% in the comparison group experienced preterm delivery and 4% of the cocaine user’s 
infants versus 0.5% of the comparison group infants experienced NEC (those results were not 
categorized into racial groups).  They also found that 70% of the women who abused cocaine 
during pregnancy did not seek prenatal care (Ogunyemi & Hernandez-Loera, 2004).  
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Because of the vasoconstrictive effects of cocaine, it is plausible to hypothesize that 
Black women who abuse cocaine, who already experience an increased rate of preterm 
delivery, could also experience reduced perfusion to their uterus, placenta, and to the fetus 
therefore potentially increasing the risk of NEC in infants born to these women. 
 Genetics. Investigators are now studying the role of genes in preterm delivery among 
Black women. The single nucleotide polymorphisms in various ethnic groups showed 
significant differences and were hypothesized to increase the risk of preterm birth in Black 
women (Menon et al., 2006). Similarly foreign-born versus U.S.-born Black women were 
compared to determine if there were differences between the groups in low birthweight and 
preterm births (Rich-Edwards et al., 2001). The U.S.-born women demonstrated significantly 
higher levels of low birthweight and preterm births than foreign-born women. This disparity 
implies that American social etiologies and acculturation of Black women possibly 
contributed to poorer birth outcomes (Rich-Edwards et al., 2001). Maternal weight has been 
associated with the delivery of low birthweight infants, which suggests that these infants may 
be genetically predisposed to preterm birth based on the mother’s intrauterine environmental 
influences (Conley & Bennett, 2000). 
 Depression and stress. Although depression and stress symptoms will not be 
measured in this study, understanding their effects on the maternal system is nonetheless 
important. Maternal depressive symptoms have been identified as a contributing factor in 
spontaneous preterm delivery among Black women (Orr, James, & Prince, 2002). In this 
study, Black women demonstrated a two-fold increase in the rate of spontaneous preterm 
delivery when compared to White women (Orr, James & Prince, 2002). Factors associated 
with maternal depressive symptoms include substance dependency, economic difficulties, 
  
 
37
difficulties within the social environment, and lack of social support (Pajulo, Savonlahti, 
Sourander, Helenius, & Piha, 2001). Depression has been indicated in altered functioning of 
the immune system, thereby increasing the body’s susceptibility to infection.  
Stress experienced by Black women, whether perceived or real, can bring about 
physiological responses. Clark, Anderson, Clark, and Williams (in LaVeist, 2002, p. 319-
339) present a contextual model which suggests that if the exposure to racism is perceived as 
stressful, it can have negative biopsychosocial effects. They suggest that Blacks are exposed 
to a disproportionate number of environmental stressors (e.g., substandard housing, lower 
wages, and unemployment) that could lead to chronic and acute stress.  
One possible explanation of Black women’s susceptibility to stress is that they have 
an increased allostatic load, meaning that Black women who experience chronic exposure to 
stressful situations may develop chronic physiological responses. Along with the stresses 
evoked by long-term exposure to racism and discrimination, the stresses caused by life 
challenges and the event of pregnancy combine to place an excessive demand on the body’s 
regulatory system that makes it more difficult for the body to cope with stressful events, 
regardless of their origin (Giscombé & Lobel, 2005; Rich-Edwards et al., 2001). 
Stress and increase in blood pressure are two conditions that directly affect Black 
women’s pregnancy outcomes. Stancil, Hertz-Picciotto, Schramm, and Watt-Morse (2000) 
found an increase in maternal blood pressure and urinary cortisol levels were associated with 
increased levels of perceived stress. Maternal reports of stress in early pregnancy (18-20 
weeks) have been correlated with a predicted increase of corticotropin-releasing hormones at 
28-30 weeks gestation (Hobel et al., 1999). A rise in the corticotrophin-releasing hormone 
caused by maternal psychological stress can cause increases in the neuroendocrine stress 
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response, which possibly encourages the body to hasten delivery to remove the fetus from a 
stressed environment (Rich-Edwards, 2001). Therefore, experiences of discrimination and 
other stressful situations linked to race may have adverse effects on pregnancy outcomes for 
Black women. 
Trust. Trust between healthcare providers and Black women are greatly desired 
(Sheppard, Zambrana, & O’Malley, 2004). Black women who trust their healthcare providers 
during pregnancy are more likely to have open communication with them and to believe that 
they are providing competent technical services (Sheppard, Zambrana, & O’Malley, 2004). 
Patients want to feel their provider is competent and capable of addressing their medical 
concerns; when these needs are met, the patient’s respect and trust leads to compliance. Trust 
cannot be established without continuity in the patient-provider relationship (Sheppard, 
Zambrana, & O’Malley, 2004). According to these researchers, women often see several 
providers during pregnancy, which may cause them to delay seeking care until late in 
pregnancy (Sheppard, Zambrana, & O’Malley, 2004). Furthermore, this lack of continuity 
can manifest a lack of intimacy with the provider, as the women felt they could not tell 
private information to a stranger (Sheppard, Zambrana, & O’Malley, 2004). The Institute of 
Medicine (IOM) also found that the rushed clinical encounter, multiple providers, and the 
complexities of the health-care system all decrease trust in providers and the healthcare 
system (Smedley, Stith, & Nelson, 2003). These and other factors lead to the decreased 
utilization of healthcare services during pregnancy. 
Healthcare services. Women whose healthcare was subsidized by Medicaid were 
interviewed about the extent of racial and ethnic disparities they had experienced during 
pregnancy-related healthcare (Gavin, Adams, Hartmann, Benedict, & Chireau, 2004). The 
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investigators found that Black and Hispanic women were less likely to receive routine 
ultrasounds but were more likely to receive HIV and drug screenings than White women who 
received Medicaid (Gavin, Adams, Hartmann, Benedict, & Chireau, 2004). In fact, Black and 
Hispanic women receiving Medicaid reported racial and ethnic disparities in all health 
services, such as fewer referrals to specialized care (even when required) and fewer providers 
for Black and Hispanic women when compared to White women who received Medicaid 
(Gavin et al., 2004). In light of these findings, Congress requested that the Institute of 
Medicine “assess the extent of racial and ethnic differences in healthcare that are not 
otherwise attributable to known factors such as access to care (e.g., ability to pay or 
insurance coverage)” (Smedley, Stith, & Nelson, 2003, p. 3). Providers have often been 
found to be influenced by the negative stereotypes, such as the belief that Blacks are not 
compliant with treatment, which causes them to provide inadequate treatment. On the other 
hand, when patients feel that treatments are not equal or even favorable based on race this 
may too result in noncompliance (Smedley et al., 2003, p. 172-174.).  
 
Theoretical Framework 
Developmental Science 
The pathogenesis of and contributing factors to NEC are multifaceted and requires a 
theoretical framework that provides a non-linear dynamic view of the disease. This research 
project will be conducted within the theoretical framework of developmental science, which 
“transcends the constructs, methods and focus of any one discipline” (Miles & Holditch-
Davis, 2003, p.7).  Developmental science’s implications for nursing research and this study 
include developmental outcomes and ecological factors. Such a perspective organizes “the 
  
 
40
effects of the environment on the individual’s development over time” (Sameroff & Suomi, 
in Cairns, Elder, & Costello, 1996, p. 103).   
Multiple characteristics influence the preterm infant’s health, including maternal 
factors, race, gender, birthweight and preterm infant treatments.  Research designs and 
theories organized from the perspective of developmental science can link these 
characteristics and enhance understanding of the complex interactions that occur within the 
preterm infant’s ecological system.  
Certain propositions of the developmental science perspective that show its 
compatibility with the subject and goals of this study have been extracted from Magnusson & 
Cairns (1996) and are discussed below. 
An individual develops and functions psychologically as an integrated organism. 
Maturational, experiential, and cultural contributions are fused in ontogeny. Single 
aspects do not develop and function in isolation, and they should not be divorced 
from the totality in analysis. (p. 12) 
 
This proposition demonstrates the connectivity of the maternal environment to infant 
outcome. It is nearly impossible to separate the pathogenesis of a disease such as NEC from 
the maternal environment in which the preterm infant developed. The maternal-fetal 
oxygenation and hematologic systems act in concert to achieve optimal fetal development 
and functioning. When one part of this symbiotic relationship becomes compromised, the 
others undergo compensatory reorganization so that the whole mother-infant system may 
achieve the highest possible functional level. As hypothesized in Figure 1, when the maternal 
system is compromised by infection or hypertension, this potentially exposes the fetus to 
compromised oxygenation within the intra-uterine environment. The compensation made by 
the fetus may include protection of the major organs by reducing oxygen to the 
gastrointestinal system and simultaneously diverting oxygen to the heart and brain.  
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In this type of situation, the system has performed adequately in that it protected 
organs that are required for immediate survival; however, the reorganization and/or 
compensation may have altered the functioning of another system (in this case, one that is 
crucial albeit not immediately critical). If such a case is examined within the framework of 
developmental science, the function and significance of intra- and extra-uterine systems 
could not be separated as they both contribute to the development and functioning of the 
fetus and subsequently the preterm infant. 
An individual develops and functions in a dynamic, continuous and reciprocal process 
of interaction with his or her environment, including relations with other individuals, 
groups, and the subculture. (Magnusson & Cairns, 1996, p. 13) 
 
This extends the previous proposition and addresses bi-directionality. The preterm 
infant is composed of multi-level hierarchal systems that are interactive and that at any point 
have the ability to influence each other (Gottlieb, 1996). While the incorporation of this 
proposition is beyond the scope of this study, it is important to investigate the relationships 
among systems and factors. The conceptual framework within this study does not extend to 
the maternal cultural factors however there is an inequality of birth outcomes in Black 
women. The level in which Black women interacts with the community and health care 
resources has had a direct impact on the health of their infants. 
Individual functioning depends upon and influences the reciprocal interaction among 
subsystems within the individual; namely the organization of interactional perceptual-
cognitive, emotional, physiological, morphological, perceptual, and neurobiological 
factors over time. (Magnusson & Cairns, 1996, p. 15) 
 
Necrotizing enterocolitis (NEC) is not just an acquired gastrointestinal disease of the 
preterm infant caused by a single incident at one point in time: it is a complex reactive event 
that may involve maternal genetic and cultural variables, race, gender, and biological factors. 
In addition, outcomes of this disease are closely connected to the preterm infant’s learning 
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capacity, behavioral and physical impairments, and developmental delays. Therefore, 
investigating the contributors to and the long term outcomes of NEC, requires a perspective 
that accommodates the interaction of physiologic, neurologic, cognitive, social and cultural 
factors that originate before birth and continue to exert influence through the individuals life 
course (Miles, 2003).  
Patterns of psychological functioning develop like dynamic systems in that they can 
be extremely sensitive to the conditions under which they are formed. Thus the 
emergence of psychological patterns cannot be accounted for solely in terms of the 
hierarchical organization of more elementary systems, nor can they be reduced to 
simpler experiential antecedents or more elementary biological units. (Magnusson & 
Cairns, 1996, p. 18) 
 
At any point and time during prenatal development, the preterm infant’s bodily 
systems are undergoing transformations that should enhance overall functioning. When these 
systems are challenged during periods of organization the systems are forced to realign in 
order to compensate for the environment (Magnusson & Cairns, 1996). For example, 
maternal drug use could decrease the oxygenation levels delivered to the fetus and placenta, 
which would challenge the fetus’s developing body to determine which organ is most 
important to protect. Such challenges and determinations occur more often for the preterm 
infant who is exposed to a less-than-optimal maternal environment; each time, the infant’s 
developing body must alter itself to compensate for factors such as oxygen deprivation and 
heightened stress. 
According to the major tenets of developmental science are that individuals develop 
as integrated organisms, they develop in dynamic, continuous interaction with their 
environment; and their development depends on a reciprocal interactions among subsystems 
within each individual (Magnusson & Cairns, 1996). General systems theories that are under 
the umbrella of developmental science accommodate the presence of risk factors that are 
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non-linear, bi-directional, and unable to be predicted with 100% certainty, by linking 
phenomena and identifying “the reciprocal interaction among subsystems within the 
individual” (Magnusson & Cairns, 1996, p. 15). These approaches are consistent with my 
proposed research. 
The mechanisms that are involved  in the pathogenesis of NEC, ischemia of the 
bowel, establishment of bacterial flora and the effects of feeding are not in themselves 
sufficient causes of NEC; yet it is the association of these mechanisms in combination with 
other factors which potentially result in the outcome of NEC. Therefore, there is a need to 
identify gender and racial differences in infants who develop NEC, whether maternal factors 
are contributors, and if so, which maternal factors are implicated. The association between 
biological variables (e.g., race and gender) and treatments common to the preterm infant 
(PRBC transfusion, antibiotics, and mechanical ventilation) were examined. An 
understanding of the association between maternal and infant risk factors and the effect those 
associations have on the younger preterm infant is essential in order to determine appropriate 
nursing interventions. Furthermore, identifying maternal and infant risk factors that are 
associated with an increased risk of NEC in the younger preterm infant may allow for the 
identification of NEC in earlier stages thereby preventing the progression of the disease to a 
more severe stage. Nurses who possess superior knowledge of these aspects of preterm infant 
pathology may adhere more strongly to interventions that are designed to produce better 
outcomes. 
Conceptual Framework 
Based on the literature review and previous smaller study completed by this author 
(Carter & Holditch-Davis, 2008), a conceptual framework was developed that addresses the 
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effects of maternal, neonatal and treatment factors on the risk for NEC in the preterm infant. 
In examining the effects of maternal risk factors on the risk of NEC in their infants, the 
variables shown to increase the vulnerability of the preterm infants system are addressed as 
mediators: (1) decreased fetal oxygenation; and (2) altered fetal immune system. However 
the maternal risk factors are expected to have a direct effect on the neonatal risk factor of 
prematurity. The effects of neonatal treatment factors on the vulnerability of the preterm 
infants system are also mediated by (1) altered immune system; and (2) decreased bowel 
oxygenation. The mediator effects will not be tested in this study. 
Figure 1. Proposed Conceptual Framework of the Maternal, Neonatal and Treatment Risk  
   Factors for Necrotizing Enterocolitis 
 
Red = Mediators 
Black = Variables for Testing 
►Chronic Hypertension 
    Preeclampsia 
    Eclampsia 
    Cocaine Use 
►Preterm (<30 Weeks) 
 
►Black Race 
    Male Gender 
Neonatal Risk Factors 
Maternal Risk Factors 
►Maternal Infection 
Neonatal Treatment 
Factors 
►↑ Number of Infections 
►↑Mechanical Vent days 
    ↑PRBC Transfusions 
↑ Vulnerability 
↑ Risk for 
Necrotizing 
Enterocolitis 
↓Bowel Oxygenation 
Altered  Immune 
Altered Fetal Immune 
↓Fetal  Oxygenation 
Chapter III 
Methods 
This study utilized a retrospective design that examined the effect of infant and 
maternal variables on the development of necrotizing enterocolitis (NEC) in preterm infants.  
It also examined the relationship between certain maternal and preterm infant variables to 
determine if NEC occurs more frequently in preterm infants whose mothers have specific 
problems during the antepartum period. 
This study examined four years (2004 - 2007) of preterm infant raw data obtained 
from the Duke University Health System (DUHS) Neonatology Access Database. This data 
is a cumulative set comprised of information obtained from the Duke Health Technology 
Solutions (DHTS) database and inpatient record information. The data downloaded into the 
DHTS database is extracted from E-browser which is a web based tool utilized by Duke 
University Medical Center that maintains all in-patient and outpatient information. Maternal 
patient information that required chart reviews and manual data entry was performed by the 
author after the database was made accessible for analysis. Maternal data were obtained from 
Duke University Medical Center’s Obstetric and Gynecology (OB) Tracevue system 
database. Demographic data was collected via E-browser and manual chart reviews. 
Setting 
The setting for data collection was Duke University Medical Center (DUMC) 
Intensive Care Nursery (ICN), Transitional Care Nursery (TCN), Special Care Nursery 
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(SCN), and the Labor and Delivery care unit (L&D). The Duke University Medical Center 
facility is a southeastern region level III tertiary perinatal and neonatal care center that 
receives referrals for high risk pregnant women and acutely ill preterm infants who have not 
previously been discharged to home. 
Subjects 
All Black, White and Hispanic preterm infants between 23 to 30 6/7 weeks gestation 
inborn at Duke University Medical Center from the years 2004 to 2007 were included in this 
study. The literature does not report a uniform gestational age most at risk for NEC. 
However, preterm infants of extremely low (<1000 grams) or very low (1000-1500 grams) 
birthweight have been shown to be at highest risk for NEC and this population tends to be 
<29 weeks gestation (Lin & Stoll, 2006; Patole, 2005; Patole, 2007; Yeo, 2006). To insure 
that the most susceptible infants were included in this study, the gestational age variable was 
expanded to include preterm infants up to 30 6/7 weeks gestational age. Preterm infants born 
outside of DUMC were excluded because maternal data were not readily available from this 
sample. Infants who were diagnosed with NEC totalis were excluded because of the 
differences between its etiology and NEC as defined for this study. Approximately 549 
preterm infants met the stated criteria. 
Variables of Interest and Operational Definitions 
 The preterm infant variables of interest in this study were gestational age, race, 
gender, number of nosocomial infection episodes prior to NEC, number of mechanical 
ventilation days prior to NEC and number of PRBC transfusions prior to NEC. The maternal 
variables of interest in this study were history of chronic hypertension, pre-eclampsia, 
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cocaine use and infection during pregnancy. The operational definition for each variable of 
interest is as follows: 
Preterm infant/gestational age.  A preterm infant, for the purpose of this study, was 
defined as an infant born between 23 and 30 6/7 weeks gestation. Gestational ages entered 
into the E-browser were based on the dates obtained from the mother’s obstetric physicians. 
Ballard (Ballard, Novak, & Driver, 1979) exam dates were used when the preterm infant 
presented with obvious physical differences that differed from the gestational age calculated 
by the mother’s obstetric physicians.  
Race. Race of the preterm infant was determined based on the race of the mother, 
congruent with the policy of Duke University Medical Center. Race of the mother was based 
solely on the declaration of the mother and was obtained either through the maternal medical 
record or from maternal self report at the time of admission. Three racial designations were 
included in the analysis of this study: Black, White, and Hispanic because these three are the 
predominant racial identities declared by mothers who give birth at DUMC. Other races were 
not included in the analysis due to low incidence. 
Gender. Only infants who were identified as either male or female were included in 
this study. Gender was based on the visual inspection of the infant at birth.  
Necrotizing enterocolitis. Necrotizing enterocolitis was determined by X-ray and was 
confirmed by the radiologist. The three levels of NEC were identified as follows: 
Surgical NEC – Requires surgical interventions (pneumoperitinium) 
Medical NEC – No surgical intervention required (pneumatosis intestinalis and/or  
   portal venous gas) 
No NEC – Control (no pneumatosis intestinalis or portal venous gas) 
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The interest of this study not only included whether the preterm infants were at a 
higher risk for NEC based on the selected variables but the severity of NEC experienced by 
the preterm infant. The level of severity was not addressed within the hypotheses therefore a 
separate variable was created for level of severity for the purpose of post hoc analyses (No 
NEC=0, Medical NEC=1, Surgical NEC=2). For the purpose of primary hypothesis testing, 
this study’s working definition of NEC included both medical and surgical NEC (No NEC = 
0, NEC =1). 
Mechanical ventilation days. Mechanical ventilation days were determined as total 
number of days an infant was intubated and required mechanical ventilation prior to first 
diagnosis of NEC. 
Nosocomial infection. Nosocomial infection is defined according to the number of 
antibiotic weeks experienced by an infant prior to the NEC event. Due to the unavailability of 
data for actual individual infection treatment course, antibiotics days were scaled in weeks 
(units of 7 days) due to the normal course of treatment being at least 7 days. 
Transfusions. Transfusions were defined as the number of packed red blood cell 
transfusions (leukoreduced and irradiated) administered prior to NEC diagnosis. 
Maternal chronic hypertension. Chronic hypertension was defined as a hypertensive 
disorder existing prior to the pregnancy whether treated or untreated. 
Pre-eclampsia.  Pre-eclampsia must have been diagnosed by the obstetric physician at 
DUMC or must have been included in the prenatal history. Symptoms must have included 
high blood pressure or an excess of protein in the urine prior to or during the admission 
immediately prior to birth. Pre-eclampsia that progressed to eclampsia or HELLP syndrome 
was also included. 
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Eclampsia. Eclampsia must have been diagnosed by the obstetric physician at 
DUMC. Symptoms must have included high blood pressure, seizure activity, or an excess of 
protein in the urine prior to or during the admission immediately prior to birth.  
Cocaine use. Cocaine was defined as a positive toxicity screen for cocaine on 
admission to DUMC. Toxicity screens were performed on the pregnant women upon 
admission to the Duke Obstetric triage. 
Maternal infection. Any infection acquired during the term of the pregnancy that was 
documented and/or treated with antibiotics by a healthcare provider was included. 
Enteral Feedings. Infants receiving full or partial breastmilk feeds, or have received 
breastmilk feedings at some point during their hospitalization prior to the NEC event were 
considered as breastmilk fed infants; otherwise feedings were documented as formula. 
Data Collection 
Preterm infant and maternal data were obtained from the Division of Neonatology at 
DUMC. Maternal and infant data resided in separate databases but were matched and linked 
by medical record number with the JMP 8.0 computer program prior to receipt of data. The 
maternal charts were manually reviewed individually for diagnosis of chronic hypertension, 
preeclampsia, eclampsia, cocaine use and infection as well as demographic data for marital 
status, age, prenatal care and smoking. Two separate data bases were created: maternal and 
infant. The maternal data base was created so that maternal information was not duplicated 
when there were multiples (i.e. twins, triplets and quadruplets) and was utilized to analyze 
data that was exclusive to mothers (i.e. hypothesis 1). Mothers who gave birth more than 
once during the study period were treated as separate events and maternal data was entered 
based on that pregnancy. The infant database was used for the remainder of the hypotheses.  
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Feeding data was gathered via CAREVUE (nursing documentation system for Duke ICN) 
chart reviews but was not included in the data analysis due to high levels of missing and 
inconsistent charting of feeding information. 
Data Analysis 
The software used for analysis was SAS Version 9.1 (SAS) and JMP Version 8. The 
primary method of analysis utilized to determine the effect of categorical (race and gender) 
and continuous variables (mechanical ventilation days, antibiotic weeks, number of PRBC 
transfusions prior to development of NEC) on NEC status was logistic regression; with two-
sided p ≤ .05 the criteria for statistical significance. Logistic regression methods were most 
appropriate for these analyses because they accounted for relationships among dependent 
variables. Additional exploratory analyses were conducted and described within each 
hypothesis in the results section. 
Descriptive statistics using SAS 9.1 were calculated on all demographic variables of 
interest and were divided into two comparison groups: infants with NEC and infants without 
NEC. Preterm infant birthweight was measured in grams and gestational age was measured 
in complete weeks. Gender of preterm infants was measured as a dichotomous variable 
(1=Male, 0=Female). 
The preterm infants were stratified by gestational age into two groups, 23 to 26 weeks 
and 27 to 30 weeks. These groups were established based on the vulnerability of the preterm 
infant to necrotizing enterocolitis. A high proportion of the disease occurs in preterm infants 
of extremely low (<750 grams) or very low (750-1000 grams) birthweight when compared to 
infants born at weights greater than 1000 grams  (Holman et al., 2006; Patole, 2007; Salhab, 
Perlman, Silver & Broyles, 2004). The preponderance of evidence is that infants of this 
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birthweight may not experience NEC until the adjusted age of 30-32 weeks and that mortality 
is increased in the ELBW population who develop NEC (Gregory, 2008; Henry & Moss, 
2004; Patole, 2005). The two gestational age groups were determined based on birthweight in 
that infants less than 26 weeks are most often in the ELBW (<750 grams) category and 
infants of 27-30 weeks are most often VLBW (750-1000) or appropriate for gestational age 
(>1000). The division of the data into groups assisted in identifying potential differences 
between ELBW and VLBW infants in mortality, incidence and severity of necrotizing 
enterocolitis.  
The hypotheses of this research project are restated below and an analysis plan for 
each hypothesis is described. 
Hypothesis 1. Black women experienced significantly more chronic hypertension, pre-
eclampsia, eclampsia, cocaine use and infection when compared to White and Hispanic 
women. 
Logistic regression was used to describe the relationship between the categorical 
explanatory variable of race (White = 0; Black = 1; Hispanic =2) separately for each 
of the other maternal problem response variables. All maternal problem variables are 
dichotomous (chronic hypertension =1, no chronic hypertension = 0; pre-eclampsia 
=1, no pre-eclampsia = 0; cocaine use =1, no cocaine use = 0; infection =1, no 
infection=0).  
Model Statement:  
Null Hypothesis 1a:  The probability of a case having Chronic Hypertension is not 
statistically significantly associated with race. 
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Alternative Hypothesis 1a:  The probability of a case having Chronic Hypertension is 
statistically significantly associated with race. 
Model Statement 1a: Probability of Chronic Hypertension = 
1/(1+e^-β0+β1(White)+β2(Hispanic)) 
Null Hypothesis 1b: The probability of a case having pre-eclampsia is not statistically 
significantly associated with race. 
Alternative Hypothesis 1b:  The probability of a case having pre-eclampsia is statistically 
significantly associated with race. 
Model Statement 1b: Probability of Pre-eclampsia = 1/(1+e^-β0+β1(White)+β2(Hispanic)) 
Null Hypothesis 1c: The probability of a case having reported cocaine use is not statistically 
significantly associated with race. 
Alternative Hypothesis 1c:  The probability of a case having reported cocaine use is 
statistically significantly associated with race. 
Model Statement 1c: Probability of Cocaine use = 1/(1+e^-(β0+β1(White)+β2(Hispanic)) 
Null Hypothesis 1d: The probability of a case having a maternal infection is not statistically 
significantly associated with race. 
Alternative Hypothesis 1d:  The probability of a case having a maternal infection is 
statistically significantly associated with race. 
Model Statement 1d: Probability of Maternal Infection =  
1/(1+e^-β0+β1(White)+β2(Hispanic)) 
Hypothesis 2. Preterm infants of Black women who experienced chronic hypertension, pre-
eclampsia, eclampsia, cocaine use and infection had significantly more NEC than preterm 
infants of women who did not experience antepartum problems. 
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Logistic regression was used to describe the relationship between the categorical 
response variable NEC (no NEC =0; NEC =1) and the categorical maternal problem 
explanatory variables. All maternal problem and race explanatory variables were 
categorical (chronic hypertension =1, no chronic hypertension = 0; pre-eclampsia =1, 
no pre-eclampsia = 0; cocaine use =1, no cocaine use = 0; infection =1, no infection= 
0; White = 0; Black = 1; Hispanic = 2). Appropriate goodness-of-fit assessment was 
made on logistic models.  
Model Statement:  
Null Hypothesis 2: The probability of a case having NEC is not statistically significantly 
associated with any of the maternal predictor variables of chronic hypertension, pre-
eclampsia, cocaine use, maternal infection, or race. 
Alternative Hypothesis 2:  The probability of a case having NEC is statistically significantly 
associated with at least one of the predictor variables of chronic hypertension, pre-eclampsia, 
cocaine use, maternal infection, or race . 
Model Statement 2:  Probability of NEC = 1/(1+e^-(β0+β1(White)+β2(Hispanic)+β3(chronic 
hypertension)+β4 (pre-eclampsia)+β5(cocaine use)+β6(maternal infection)) 
Hypothesis 3. Black male preterm infants experienced higher rates of NEC when compared 
to Black females or White and Hispanic preterm infant infants (male and female). 
Logistic regression was used to describe the relationship between the categorical 
response variable of NEC and the explanatory variables of race and gender. Race and 
gender were coded (0=male, 1=female; White =0, Black =1, Hispanic=2).  
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Model Statement:  
Null Hypothesis 3:  The black male preterm infant NEC rate is less than or equal to NEC 
rates for black female infants, or White and Hispanic infants. 
Alternative Hypothesis 3:  The black male preterm infant NEC rate is statistically 
significantly higher than NEC rates for black female infants, or White and Hispanic in Model 
Statement 3:  Probability of NEC = 1/(1+e^-(β0+β1(White)+β2(Hispanic)  
Hypothesis 4. Infants with NEC experienced more nosocomial infections prior to developing 
NEC than those who did not develop NEC. 
Logistic regression was used to describe the relationship between the categorical 
response variable of NEC and the continuous explanatory variable of nosocomial 
infection.  
Model Statement: logit (Nosocomial Infection) = β0 + β1 (White) + β2 (Hispanic) 
Model Statement:  
Null Hypothesis 4:  Preterm infants with NEC nosocomial infection rate is less than or equal 
to preterm infants who do not develop NEC. 
Alternative Hypothesis 4:  Preterm infants with NEC nosocomial infection rate is statistically 
significantly higher than preterm infants who do not develop NEC 
Model Statement 4:  Probability of nosocomial Infection = 1/(1+e^-(β0+β1(with 
NEC)+β2(Without NEC).  
Hypothesis 5. Infants with NEC had a significantly higher number of days of mechanical 
ventilation prior to diagnosis than those without NEC. 
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Logistic regression was used to describe the relationship between the categorical 
response variable of NEC and the continuous explanatory variable of mechanical 
ventilation days.  
Model Statement:  
Null Hypothesis 5:  Preterm infants with NEC number of mechanical ventilation days is less 
than or equal to preterm infants who do not develop NEC. 
Alternative Hypothesis 5:  Preterm infants with NEC number of mechanical ventilation days 
is statistically significantly higher than preterm infants who do not develop NEC 
Model Statement 5:  Probability of higher number of mechanical ventilation days = 1/(1+e^-
(β0+β1(with NEC)+β2(without NEC).  
Hypothesis 6. Infants with NEC had significantly more PRBC transfusions for anemia prior 
to developing NEC than infants who did not developed NEC. 
Logistic regression was used to describe the relationship between the categorical 
response variable of NEC and the continuous explanatory variable of PRBC 
transfusion.  
Model Statement:  
Null Hypothesis 6:  Preterm infants with NEC number of PRBC transfusions are less than or 
equal to preterm infants who do not develop NEC. 
Alternative Hypothesis 6:  Preterm infants with NEC number of PRBC transfusions rate is 
statistically significantly higher than preterm infants who do not develop NEC 
Model Statement 6:  Probability of nosocomial Infection = 1/(1+e^-(β0+β1(with 
NEC)+β2(Without NEC).  
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Hypothesis 7. Black male infants had more days of mechanical ventilation, more PRBC 
transfusions, and more infections prior to developing NEC when compared to all other 
preterm infants. 
The differences between means were examined and Wilcoxon rank-sum tests to  
compare medians were used if the distributions were clearly non-normal.  
Model Statement: 
Null Hypothesis 7:  Difference in means for mechanical ventilation, PRBC transfusions and 
nosocomial infections for Black male preterm infants is less than or equal to all other preterm 
infants. 
Alternative Hypothesis 7:  Difference in means for mechanical ventilation, PRBC 
transfusions and nosocomial infections for Black male preterm infants is statistically 
significantly higher than all other preterm infants. 
Model Statement 7:  t= (m1-m2) /SQRT[(s1+s2)/ n] 
Protection of Human Subjects 
 This study was approved by the Institutional Review Boards of the University of 
North Carolina at Chapel Hill and Duke University Medical Center. To eliminate the risk of 
disclosure of an individual’s identity, after the maternal-infant match was made and maternal 
risk factors were manually entered, the data was put into a 4-year cohort database that was 
then de-identified and anonymized by this researcher. In addition the following guidelines 
were used:  
- Data obtained for this study will only be used for research and statistical reporting; 
- All reports based on the data will acknowledge the source of the data; 
- Data was not shared beyond the approved research for this project; 
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- Data was not linked with other sources of identifiable information; 
- Original data was stored under lock and key and password protected; 
- Hard copies of analyses will be shredded. 
- Human research ethics training has been completed by this author as required by 
the University of North Carolina at Chapel Hill School of Nursing and the Duke 
University Medical Center. 
 
 
Chapter VI 
Results 
There were 549 preterm infants examined within the 4-year period from 2004 through 
2007, which included 65 cases of medical and surgical necrotizing enterocolitis (NEC). 
Incidence of necrotizing enterocolitis in this sample is 11.8%. While the original database 
consists of 549 preterm infants (Table 3), 471 mothers of preterm infants were evaluated for 
the first hypothesis. This was due to the 78 sets of multiples (twins, triplets and quadruplets) 
in which the duplicate maternal information was removed for maternal risk factors analyses. 
I originally planned to analyze breastmilk versus formula feeding on the development 
of NEC in the preterm infant. Feeding data was gathered via CAREVUE (nursing 
documentation system for Duke ICN) chart reviews but was not included in the data analysis 
due to high levels of missing and inconsistent charting of feeding information. I attempted to 
replace feeding method with a proxy using the number of days infant received 
hyperalimentation versus receiving any type feed; however this proxy would not have 
provided an accurate reflection of infant feeding status. Therefore the analysis was not 
performed. 
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Table 3. Characteristics of the 549 Preterm Infants 
 No NEC (N=484) 
N        % or Mean/SD 
MEDICAL (N=34) 
N         %  or Mean/SD  
SURGICAL (N=31) 
N        % or Mean/SD 
Gestational Age 
23-26 weeks 
27-30 weeks 
 
182 
302 
 
37.60% 
62.40% 
 
14 
20 
 
41.18% 
58.82% 
 
17 
14 
 
54.84% 
45.16% 
Birthweight (gms) 
<750 
751-1000 
1000-1500 
>1500 
 
115 
130 
193 
  46 
 
23.76% 
26.86% 
39.88% 
  9.50% 
 
12 
10 
12 
  0 
 
35.29% 
29.41% 
35.29% 
       0% 
 
  9 
14 
  8 
  0 
 
29.03% 
45.16% 
25.81% 
       0% 
Race/Gender 
Black Male 
Black Female 
White Male 
White Female 
Hispanic Male 
Hispanic Female 
 
123 
137 
94 
82 
29 
19 
 
47.31% 
52.69% 
53.41% 
46.59% 
60.42% 
39.58% 
 
5 
9 
9 
6 
2 
3 
 
35.71% 
64.29% 
60.00% 
40.00% 
40.00% 
60.00% 
 
12 
9 
6 
4 
0 
0 
 
57.14% 
42.86% 
60.00% 
40.00% 
0% 
0% 
Apgar Scores 
1 minute 
0-3 
4-6 
7-10 
 
 
205 
144 
130 
 
 
42.80% 
30.06% 
27.14% 
 
 
18 
12 
  4 
 
 
52.94% 
35.29% 
11.76% 
 
 
13 
11 
  6 
 
 
43.33% 
36.67% 
20.00% 
Apgar Scores  
5 minutes 
0-3 
4-6 
7-10 
 
 
  30 
121 
328 
 
 
  6.26% 
25.26% 
68.48% 
 
 
  1 
  9 
24 
 
 
  2.94% 
26.47% 
70.59% 
 
 
  3 
  6 
21 
 
 
10.00% 
20.00% 
70.00% 
Days to NEC   34 36.76/25.30 31 28.97/19.32 
PRBC 
Transfusions 
 
484 
 
4.82/8.54 
 
34 
 
11.09/12.91 
 
31 
 
13.42/11.53 
Mechanical Vent 
Days 
 
484 
 
12.17/18.87 
 
34 
 
12.94/16.91 
 
31 
 
12.16/13.16 
Antibiotic Days 484 17.72/20.80 34 16.26/14.64 31 13.13/9.20 
Length of Stay 476 49.68/44.77 32 83.00/37.06 30 86.07/55.70 
Died 
Survived 
56 
428 
11.57% 
88.46% 
0 
34 
0% 
100% 
14 
17 
54.84% 
45.16% 
 
Maternal Risk Factors 
No significant differences were found in the amount of pre-eclampsia and cocaine use 
experienced by Black women when compared to White or Hispanic women. Logistic 
regression analysis, shown in Table 4, indicated that chronic hypertension was not significant 
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when Black women were compared to White or Hispanic women; however when comparing 
Black women to Hispanic women, Blacks were almost 3 times more likely to experience 
chronic hypertension than Hispanic women. Black women experienced significantly more 
maternal infections than White and Hispanic women.  Racial differences in eclampsia were 
not examined because only one mother in the sample had the disease (see Table 4 for 
demographics). Black women were found to experience more maternal infections than White 
and Hispanic women; however there were no differences among the races in the amounts of 
chronic hypertension, preeclampsia and cocaine use. 
Table 4. Characteristics of the 471 Mothers of Preterm Infants by Race 
 Black 
N                % 
White 
N                  % 
Hispanic 
N                 % 
Race (Total) 267 56.69% 156 33.12% 48 10.19% 
Chronic Hypertension (Y) 44 16.48%   18 11.54%   3   6.25% 
Preeclampsia (Y) 70 26.22%   30 19.23%   8 16.67% 
Prenatal Care (N) 26   9.74%     4   2.56%   9 18.75% 
Eclampsia (Y) 0        0%     1   0.64%   0        0% 
Maternal Infection (Y) 114 42.70%      40 25.64%   9 18.75% 
Smoker (Y) 62 23.22%   33 21.15%   0        0% 
Cocaine (Y) 15   5.62%     6   3.85%   1   2.08% 
 
Table 5. Racial Comparison of Maternal Risk Factors for 471 Mothers of Preterm Infants 
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95%Confidence Interval 
Lower                  Upper 
Chronic Hypertension 
Black vs. White 
Black vs. Hispanic 
 
0.414 
1.085 
 
0.168 
0.080c 
 
1.513 
2.959 
 
0.840 
0.880 
 
  2.724 
  9.947 
Pre-eclampsia 
Black vs. White 
Black vs. Hispanic 
 
0.400 
0.575 
 
0.104 
0.163 
 
1.492 
1.777 
 
0.921 
0.793 
 
  2.418 
  3.980 
Cocaine 
Black vs. White 
Black vs. Hispanic 
 
0.398 
1.028 
 
0.421 
0.325 
 
1.488 
2.797 
 
0.565 
0.361 
 
  3.918 
21.674 
Maternal Infection 
Black vs. White 
Black vs. Hispanic 
 
0.771 
1.172 
 
0.001b 
0.003b 
 
2.161 
3.229 
 
1.401 
1.504 
 
  3.334  
  6.934 
ap<.05; bp<.01; cp<.10 
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A post hoc analysis to examine the effects of chronic hypertension on preterm birth 
was performed because supportive literature for this hypothesis indicated there was a 
relationship between the deliveries of preterm and small for gestational age infants and 
chronic hypertension (Catov, Nohr, Olsen, & Ness, 2008). Table 6 shows while there was no 
significant relationship between race and chronic hypertension in the sample, Black women 
who had chronic hypertension had significantly younger preterm births than White women. 
When Black women with chronic hypertension were compared to Hispanic women with 
chronic hypertension there were no differences in preterm births. 
Table 6. Racial Comparisons on the Severity of Preterm Delivery in Mothers With  
   Chronic Hypertension 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
 Lower                 Upper 
Black vs. White 0.292 0.016a 1.339 1.056 1.697 
Black vs. Hispanic 0.392 0.155 1.481 0.862 2.544 
ap<.05; bp<.01 
When the relationship between chronic hypertension and NEC were explored there 
was marginal significance for the 23 to 26 week group of all races showing that these preterm 
infants had an increased risk of NEC when their mothers had chronic hypertension (Table 7). 
There was no difference between the maternal chronic hypertension and NEC in the 27 to 30 
week group (Table 7.1). 
Table 7. Risk of NEC in All Preterm Infants (23-26 wks) Whose Mothers Had Chronic  
   Hypertension 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
NEC vs. No NEC 0.492 0.063c 2.672 0.949 7.529 
ap<.05; bp<.01; cp<.10 
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Table 7.1. Risk of NEC in Preterm Infants (27-30 wks) Whose Mothers Had Chronic  
      Hypertension 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
NEC vs. No NEC -0.1742 0.5302 0.706 0.238 2.095 
ap<.05; bp<.01; cp<.10 
An additional post hoc analysis examined the differences in prenatal care between the 
races because supportive literature for this hypothesis indicated there was a relationship 
between the preterm delivery of small for gestational age infants and lack of prenatal care 
(Chen, Wen, Yang & Walker, 2007). When comparing Black and Hispanic women the data 
showed that Black women were more likely than Hispanic women to receive prenatal care 
though the difference was not significant; however, there was a significant difference in 
prenatal care received when comparing Black and White women indicating that Black 
women were significantly less likely to receive prenatal care than White women (Table 8). 
Also, Black women who had less prenatal care were more likely to deliver more prematurely 
when compared to White women (Table 9). There was no significant difference noted 
between Black and Hispanic women (Table 9). 
Table 8. Racial Comparisons of the 471 Mothers of Preterm Infants on the Likelihood of  
   Receiving Prenatal Care  
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White 1.411 0.010b 4.100 1.403   11.976 
Black vs. Hispanic -0.760 0.073c 0.468 0.204     1.072 
ap<.05; bp<.01; cp<.10 
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Table 9. Racial Comparisons of the 471 Mothers of Preterm Infants Who Did Not  
   Receive Prenatal Care on Early Preterm Delivery  
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White  1.529 0.006b 4.614 1.556 13.687 
Black vs. Hispanic -0.656 0.133 0.519 0.221   1.219 
ap<.05; bp<.01; cp<.10 
Post hoc analyses to examine the effects of maternal infection on preterm infant 
mortality were performed to determine if there were differences not only between the 
gestational groups but between the races (Tables 10 and 10.1). Black race was not 
significantly associated with lower mortality in infants whose mothers experienced prenatal 
infection in the 23 to 26 week group but was significantly associated with lower mortality in 
the 27 to 30 week group when compared to White preterm infants whose mothers 
experienced infection during pregnancy. There were no differences noted between Black and 
Hispanic infants in mortality when their mothers had experienced infection during 
pregnancy. 
Table 10. Mortality in Black Preterm Infants of 23 to 26 Weeks Gestational Age Whose  
     Mothers Experienced Infection During Pregnancy 
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White -0.876 0.059c 0.330 0.104 1.048 
Black vs. Hispanic -1.109 0.708 0.792 0.235 2.676 
ap<.05; bp<.01; cp<.10 
Table 10.1. Mortality in Black Preterm Infants of 27 to 30 Weeks Gestational Age  
        Whose Mothers Experienced Infection During Pregnancy 
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White -1.146 0.016b 0.318 0.125 0.810 
Black vs. Hispanic -0.274 0.583 0.760 0.285 2.026 
ap<.05; bp<.01 
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Maternal Risk Factors and NEC 
Black preterm infants were examined to determine if there was a relationship between 
maternal risk factors (prenatal chronic hypertension, cocaine use, maternal infection and pre-
eclampsia) and the development of NEC. Racial differences in cocaine use were not 
examined in the 23 to 26 week Black preterm infant group due to infrequency of maternal 
cocaine use (N=2) causing the proportional odds model assumptions not to be met. Racial 
differences in eclampsia within both groups were not examined as only one maternal subject 
in the whole sample had the disease.  
There were no significant relationships between NEC experienced by Black preterm 
infants and the maternal risk factors (chronic hypertension,  pre-eclampsia or cocaine use 
during pregnancy) when compared to Black preterm infants of women who did not 
experience these maternal risk factors (see Table 11 and 11.1) . This hypothesis was not 
confirmed.  
Table 11. The Relationship between Maternal Risk Factors in Black Women and NEC in  
     the Black Preterm Infant of 23 to 26 Weeks Gestational Age 
  
 
 
β Estimate 
 
 
p value 
for  χ2   
 
Odds 
Ratio 
(OR) 
 
Odds Ratio 
95% Confidence Interval 
Lower              Upper 
Chronic Hypertension  1.215 0.126 0.297 0.063 1.407 
Pre-eclampsia -0.244 0.784 1.276 0.224 7.252 
Maternal Infection -0.695 0.282 0.499 0.141 1.771 
 
 
Table 11.1. The Relationship between Maternal Risk Factors in Black Women and NEC  
         in the Black Preterm Infant 27 to 30 Weeks 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio  
95% Confidence Interval 
Lower            Upper 
Chronic Hypertension -1.050 0.193 2.856 0.588 13.873 
Pre-eclampsia  0.122 0.818 0.886 0.314   2.495 
Cocaine -0.876 0.411 2.401 0.297 19.374 
Maternal Infection -0.197 0.686 0.821 0.316   2.135 
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Post hoc analyses were performed to examine the effects of the maternal risk factors 
and mortality of preterm infants within the Black race only. In both groups, maternal risk 
factors of Black women had no significant effect on mortality in their infants (Table 12 and 
12.1). Cocaine was not analyzed in the 23 to 26 week group in Table 12 and preeclampsia 
was not analyzed the 27 to 30 week group in Table 12.1 due to low cell counts, causing the 
validity of the model to be in question. Racial comparisons on the remaining maternal risk 
factors (chronic hypertension, pre-eclampsia and cocaine) were performed, and no racial 
differences in mortality were found in either group when Blacks preterm infants were 
compared to White and Hispanic infants (Tables 12.2 – 12.6). Preeclampsia was not analyzed 
in the 27 to 30 week group due to low cell counts. 
Table 12. The Relationship between Maternal Risk Factors and NEC Mortality in Black  
     Preterm Infants of 23 to 26 Weeks Gestational Age 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Chronic Hypertension -0.157 0.827 0.855 0.210 3.485 
Pre-eclampsia -0.174 0.784 0.841 0.243 2.906 
Maternal Infection -0.313 0.462 0.731 0.317 1.685 
 
Table 12.1. The Relationship between Maternal Risk Factors and NEC Mortality in  
        Black Preterm Infants of 27 to 30 Weeks Gestational Age 
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR)  
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Chronic Hypertension -0.650 0.551 0.522 0.062   4.425 
Cocaine  0.269 0.809 1.309 0.148 11.585 
Maternal Infection -0.943 0.250 0.390 0.078   1.939 
 
Table 12.2. Mortality in Black Preterm Infants of 23 to 26 Weeks Gestational Age  
        Whose Mothers Experienced Chronic Hypertension During Pregnancy 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White 0.316 0.367 1.371 0.691 2.723 
Black vs. Hispanic 0.374 0.533 1.453 0.449 4.702 
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Table 12.3. Mortality in Black Preterm Infants of 27 to 30 Weeks Gestational Age  
        Whose Mothers Experienced Chronic Hypertension During Pregnancy 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR)  
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White -0.215 0.669 0.807 0.302   2.158 
Black vs. Hispanic  0.573 0.594 1.773 0.216 14.533 
 
Table 12.4.  Mortality in Black Preterm Infants of 23 to 26 Weeks Gestational Age  
         Whose Mothers Experienced Pre-eclampsia During Pregnancy 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White  0.337 0.338 1.401 0.704 2.789 
Black vs. Hispanic -0.713 0.490 1.510 0.469 4.866 
 
Table 12.5.  Mortality in Black Preterm Infants of 23 to 26 Weeks Gestational Age  
 Whose Mothers Toxicity Screens were Positive for Cocaine During  
  Pregnancy 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White 0.315 0.368 1.370 0.690 2.720 
Black vs. Hispanic 0.390 0.513 1.477 0.459 4.757 
 
Table 12.6. Mortality in Black Preterm Infants of 27 to 30 Weeks Gestational Age  
        Whose Mothers Toxicity Screens were Positive for Cocaine During  
         Pregnancy 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR)  
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White -0.230 0.647 0.794 0.297   2.126 
Black vs. Hispanic  0.545 0.611 1.725 0.211 14.125 
 
Neonatal Risk Factors 
Black male preterm infants were evaluated to determine if they experienced higher 
rates of NEC than Black females or White and Hispanic preterm infants (male and female). 
Characteristics of the preterm infant sample are in Table 4. The NEC subsamples shown in 
Table 3 were created to allow for examination of differences between the NEC groups in 
mortality and severity of NEC. Table 13 and 13.1 shows that there were no significant 
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differences found in the amount of NEC experienced by Black male preterm infants when 
compared to Black females or White and Hispanic infants (male and female).  
A post hoc analysis was performed to evaluate cell counts of black male and females. 
There were no significant differences in the frequency of NEC between black males and 
females (Table 3). 
Table 13. Racial Differences in the Incidence of NEC (23 to 26 Week Group) 
 
 
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
 
OR 95% Confidence Interval 
Lower           Upper 
Black vs. White 0.617 0.139 1.854 0.818 4.201 
Black vs. Hispanic 0.703 0.266 2.019 0.586 6.963 
 
Table 13.1. Racial Differences in the Incidence of NEC (27 to 30 Week Group) 
  
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
 
OR 95% Confidence Interval 
Lower           Upper 
Black vs. White 0.395 0.311 1.484 0.692 3.182 
Black vs. Hispanic 1.513 0.146 4.542 0.591 34.924 
 
A post hoc analysis of NEC severity was performed (medical vs. surgical) to further 
explore potential racial differences. The 23 to 26 week group showed that Black infants had 
significantly more severe NEC (surgical) when compared to White preterm infants in the 23 
to 26 week group (Table 14). There were no differences in severity between the Black and 
White races in the 27 to 30 week group (Table 14.1). The Hispanic race had extremely low 
cell counts causing an inappropriate fit of the model (see Table 3); therefore this race was 
removed from this analysis.  
Table 14. Racial Comparisons in the Severity of NEC between Black and White Preterm  
     Infants (23 to 26 Week Group) 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
  Lower              Upper 
Black vs. White 1.992 0.0339a 7.332 1.163 46.227 
ap<.05; bp<.01 
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Table 14.1. Racial Comparisons in the Severity of NEC between Black and White  
        Preterm Infants (27 to 30 Week Group) 
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
  Lower              Upper 
Black vs. White 0.377 0.619 1.458 0.329 6.456 
 
Post hoc analyses were completed to examine the effects of race and NEC on preterm 
infant mortality (Tables 15 and 15.1). There were no racial differences in mortality in either 
group when Blacks preterm infants were compared to White and Hispanic infants. 
Table 15. Comparisons of Race in Infants with NEC on Mortality in the 23 to 26 Week  
     Group 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower           Upper 
Black vs. White 0.363 0.305 1.437 0.719 2.875 
Black vs. Hispanic 0.452 0.452 1.572 0.484 5.102 
 
Table 15.1. Comparisons of Race in Infants with NEC on Mortality in the 27 to 30 Week  
        Group 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio  
95% Confidence Interval 
Lower           Upper 
Black vs. White -0.290 0.566 0.749 0.278   2.014 
Black vs. Hispanic  0.404 0.708 1.498 0.181 12.402 
 
Preterm Infant Treatment Risk Factors 
Infection.  Antibiotic weeks were examined to determine if preterm infants with NEC 
experienced more infections prior to developing NEC than infants who did not develop NEC. 
Antibiotic variable was scaled to units of 7 because the normal course of treatment was a 
minimum of 7 days. One outlier was removed due to its extreme value (200 antibiotic days); 
therefore this analysis was based on 548 preterm infants. Preterm infants with more antibiotic 
weeks in the 23 to 26 week group had higher prevalence of NEC than those with fewer 
antibiotic weeks (Table 16). Table 16.1 shows that preterm infants in the 27 to 30 week 
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group with more antibiotic weeks had higher prevalence of NEC than those with fewer 
antibiotic weeks Thus, the hypothesis was confirmed for both preterm infant groups. 
Table 16. Effects of Neonatal Treatment Risk Factors in the Development of NEC for the  
     23 to 26 Week Group 
  
 
β Estimate 
 
p value 
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower            Upper 
Infection -0.472 0.001b 0.624 0.467 0.834 
Mechanical 
Ventilation days 
 
0.005 
 
0.711 
 
1.005 
 
0.980 
 
1.030 
PRBC Transfusions 0.1153 0.001b 1.122 1.052 1.197 
ap<.05; bp<.01 
Table 16.1. Effects of Neonatal Treatment Risk Factors in the Development of NEC for  
        the 27 to 30 Week Group 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower             Upper 
Infection -0.818   0.008b 0.441 0.240 0.811 
Mechanical 
Ventilation days 
 
-0.091 
 
  0.329 
 
0.914 
 
0.762 
 
1.096 
PRBC Transfusions  0.347 <0.001b 1.414 1.160 1.724 
ap<.05; bp<.01 
 A post hoc analysis was performed on a subset of mothers with infection to examine 
racial effects of maternal infection on the risk of infection in the preterm infant. Black 
preterm infants had an increased risk of infection if the mothers had infection during 
pregnancy when compared to White and Hispanic infants in both the 23 to 26 week group 
(Table 17) and the 27 to 30 week group (Table 17.1). 
Table 17. Effects of Maternal Infection on the Preterm Infant Infection in the 23 to 26  
     Week Group 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower              Upper 
Black vs. White 0.883 0.008b 2.419 1.264   4.632 
Black vs. Hispanic 0.048 0.041a 3.380 1.049 10.894 
ap<.05; bp<.01 
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Table 17.1. Effects of Maternal Infection on the Preterm Infant Infection for the 27 to 30  
        Week Group 
  
 
β Estimate 
 
p value  
for  χ2   
Odds 
Ratio 
(OR) 
Odds Ratio 
95% Confidence Interval 
Lower              Upper 
Black vs. White 0.899 0.001b 2.457 1.464 4.124 
Black vs. Hispanic 1.164 0.015a 3.204 1.256 8.174 
ap<.05; bp<.01 
Mechanical Ventilation. The number of days on mechanical ventilation was examined 
to determine if preterm infants with NEC had a significantly higher number of days of 
mechanical ventilation prior to diagnosis of NEC than those who did not experience NEC. 
One outlier was removed due to the extreme value (154 days); therefore this analysis was 
based on 548 preterm infants. There were no significant differences in the number of days the 
preterm infants spent on mechanical ventilation between infants with and without NEC in 
either group. However, in the 23 to 26 week group, mechanical ventilation appeared to have 
the opposite effect in that preterm infants who had higher number of days on mechanical 
ventilation experienced less NEC than preterm infants who were not on mechanical 
ventilation, although this was not significant (Table 16). 
A post hoc ANOVA was performed to evaluate the correlation between mechanical 
ventilation and infection. In the 23 to 26 week group for every day of mechanical ventilation 
there was three fourths increase in infection rate with 22% of the variance accounted for 
(Table 18). In the 27 to 30 week group for each day of mechanical ventilation there was one 
half increase in infection rate with 22% of the variance accounted for (Table 18.1). 
Table 18. Pearson Correlation Between Mechanical Ventilation 
     and Infection in the 23 to 26 Week Group 
Parameter Correlation with Mechanical Ventilation 
r                                     p value 
Infection 0.465                             <.0001b 
ap<.05; bp<.01 
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Table 18.1. Pearson Correlation Between Mechanical Ventilation  
        and Infection in the 27 to 20 Week Group 
 
Parameter 
Correlation with Mechanical Ventilation 
R                                   p value 
Infection 0.465                            <.0001b 
ap<.05; bp<.01 
PRBC Transfusions. Packed red blood cell transfusions (PRBC) was examined to 
determine if preterm infants with NEC will have experienced more PRBC transfusions for 
anemia prior to developing NEC than infants who do not develop NEC. In both groups (23 to 
26 and 27 to 30 weeks) preterm infants who experienced NEC received significantly more 
PRBC transfusions than preterm infants who did not develop NEC (see Tables 16 and 16.1). 
The hypothesis for PRBC transfusions was confirmed. 
Race, Gender and Neonatal Treatment Risk Factors 
Neonatal treatment factors were examined to determine if Black male infants 
experienced more days of mechanical ventilation, more PRBC transfusions, and more 
infections prior to developing NEC than all other infants. Three outliers were removed due to 
their extreme values; therefore this analysis was based on 546 preterm infants. Table 19 
shows that Black male infants experienced significantly more PRBC transfusions prior to the 
NEC diagnosis than did Black females and White and Hispanic male and females. There 
were no differences in the number of mechanical ventilation days and number of infections 
between Black males and White and Hispanic infants and Black females.  
A post hoc analysis was performed on all Black males to determine if there was 
overall difference in treatment factors. Table 20 shows that the Black male infants 
experienced significantly more PRBC transfusions and infections than did Black females and 
White and Hispanic male and females. While the difference in means showed that Black 
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males had more days of mechanical ventilation prior to NEC diagnosis than White and 
Hispanic (male and female), and Black females; the results were not significant.  
Table 19. Difference between Means for Black Males with NEC and All Other Infants  
(White and Hispanic Male and Females, Black Females With and Without NEC    
and Black Males without NEC) in the number of Mechanical Ventilation Days, 
PRBC Transfusions and Antibiotic Days Prior to the Development of NEC 
 
N Mean/SD Wilcoxon Rank Sum 
Mechanical Ventilation    
Black Male with NEC   36 10.97/14.68 0.980 
All Others 510 12.33/18.71  
PRBC Transfusions    
Black Males with NEC   36 12.31/10.79 <.0001a 
All Others 510   5.28/9.15  
Antibiotic Days    
Black Males with NEC   36 13.28/10.19 0.918 
All Others 510 17.84/20.72  
 
 
Table 20. Differences between Means for All Black Males (with and without NEC) and  
    White (Male and Females), Hispanic (Male and Females) and Black Females   
     with and without NEC in the number of Mechanical Ventilation Days, PRBC     
     Transfusions and Antibiotic Days Prior to the Development of NEC 
 
N Mean/SD Wilcoxon Rank Sum 
Mechanical Ventilation    
Black Male 139 15.43/23.03 0.086c 
All Others 407 11.15/16.52  
PRBC Transfusions    
Black Males 139 7.01/10.89 0.028a 
All Others 407 5.31/8.83  
Antibiotic Days    
Black Males 139 22.19/25.09 0.005b 
All Others 407 15.95/18.02  
ap<.05; bp<.01; cp<.10 
 
A post hoc analysis was performed on all preterm infants to determine if there were 
individual differences in treatment factors. Tables 21 through 23 show that when race and 
sex were individually analyzed there were no significant differences between mechanical 
ventilation days experienced or PRBC transfusions received. The only significant difference 
found was between the Black male and female preterm infants in the amount of antibiotic 
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days. There were no differences found in the amount of antibiotic days in the remaining 
sample.  
Table 21. Difference in P-Levels for All Preterm Infants for Mechanical Ventilation Days 
 
   
 
Black M        Black F White M   White F Hispanic M Hispanic F 
Black Male     --             0.1725 0.5850       0.9665 0.9971           0.4491 
Black Female 0.1725             -- 0.9942       0.8003 0.4178           0.9888 
White Male 0.5850        0.9942    --             0.9819 0.6783           0.9448 
White Female 0.9665        0.8003 0.9819          -- 0.9267           0.7794 
Hispanic Male 0.9971        0.4178 0.6783        0.9267    --                 0.4412  
Hispanic Female 0.4491        0.9888         0.9448        0.7794 0.4412               -- 
 
Table 22. Difference in P-Levels for All Preterm for PRBC Transfusions  
 
   
 
Black M        Black F White M   White F Hispanic M Hispanic F 
Black Male     --               0.8276 0.5934        0.9809 0.9109           1.0000 
Black Female 0.8276             -- 0.9959        0.9992 0.9996           0.9982 
White Male 0.5934           0.9959    --              0.9707 1.0000           0.9835 
White Female 0.9809           0.9992 0.9707             -- 0.9955           0.9999 
Hispanic Male 0.9109           0.9996 1.0000         0.9955     --                0.9932 
Hispanic Female 1.0000           0.9982 0.9835         0.9999 0.9932               -- 
 
Table 23. Difference in P-Levels for All Preterm for Antibiotic Days  
 
   
 
Black M        Black F White M   White F Hispanic M Hispanic F 
Black Male    --                0.0191 0.2003        0.3118 0.9978          0.1255 
Black Female 0.0191             -- 0.9886        0.9789 0.1803          0.9496 
White Male 0.2003          0.9886    --             1.0000 0.4200          0.8357 
White Female 0.3118          0.9789 1.0000           -- 0.4948          0.8101 
Hispanic Male 0.9978          0.1803 0.4200         0.4948      --              0.1666 
Hispanic Female 0.1255          0.9496 0.8357         0.8101 0.1666              -- 
Chapter V 
Discussion 
 This study explored risk factors for the development of NEC in preterm infants with a 
specific interest in how maternal risk factors, preterm infant demographics (race and gender) 
and neonatal treatment risk factors contributed. The revised conceptual framework shows the 
outcome of the hypothesis from the data analysis. 
 
Figure 2. Revised Conceptual Framework of the Maternal, Neonatal and Treatment Risk  
   Factors for Necrotizing Enterocolitis 
►Black Male 
 
Neonatal Risk Factors 
Maternal Risk Factors 
►Maternal Infection 
Neonatal Treatment 
Factors 
►↑ Number of Infections  
►↑PRBC Transfusions 
↑ Vulnerability 
↑ Risk for 
Necrotizing 
Enterocolitis 
↓Bowel Oxygenation 
Altered  Immune 
►Preterm  
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The findings of this study supported the hypothesis that Black women experience 
more infections during pregnancy than White and Hispanic women. Findings in neonatal 
treatment risk factors supported the hypothesis that PRBC transfusions are associated with an 
increase risk of NEC in the preterm infant. There was also an association between the risk of 
NEC and number of infections in preterm infants. There was consistent statistical support for 
the hypothesis that Black males experience more PRBC transfusions than Black Females and 
White and Hispanic infants. 
Maternal Risk Factors 
Chronic Hypertension. Chronic hypertension has been shown to be a contributor to 
premature birth (Catov, Nohr, Olsen, & Ness, 2008; Ray, Burrows, Burrows & Vermeulen, 
2001) and has been identified as an independent risk factor in the development of NEC in 
infants born weighing less than 1500 grams (Bashiri, Zmora, Sheiner, Hershkovitz, Shoham-
Vardi & Mazor, 2003). In this study there were no differences in the amount of chronic 
hypertension experienced by Black women than White and Hispanic women; however, Black 
women who had chronic hypertension had significantly more younger preterm births than 
White women with chronic hypertension. Also, preterm infants of lower gestational age (23 
to 26 weeks) whose mothers had chronic hypertension were 2.5 times more likely to develop 
NEC, which is similar to the findings of Bashiri et al. (2003) that the rate of chronic 
hypertension was significantly higher in neonates who developed NEC. However Bashiri et 
al. (2003) did not examine racial differences. 
Many theories are supported by research findings about chronic hypertension and 
how it contributes either to preterm delivery or necrotizing enterocolitis. Bashiri et al. (2003) 
stated that chronic and acute change in the uteroplacetal circulation induced by chronic 
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hypertension lead to ischemic insult, which increases the risk of NEC; however these 
placental changes were not examined by race. Chappell et al. (2008) found that Black women 
with chronic hypertension were at increased risk for preeclampsia and preterm birth, but 
these women also had additional risk factors such as smoking and increased body mass 
index. Another common theory is that chronic hypertension leads to an increased rate of 
preterm delivery especially in pregnancies with fetuses of lower birth weight and gestational 
age (Bashiri et al., 2003; Ngui, Cortright, & Blair, 2008; Ray, Burrows, Burrows, & 
Vermeulen, 2001; Roberts, Algert, Morris, Ford, & Henderson-Smart, 2005). While the races 
did not differ in the amount of chronic hypertension experienced by the mothers in this study, 
Black women who experienced chronic hypertension were more likely to have younger 
preterm infants (23 to 26 week gestational age group). Chronic hypertension may cause 
Black preterm infants to be born earlier than White infants and the earlier gestational age 
contributes to the infant being at increased risk for necrotizing enterocolitis.  
The lower rate of prenatal care among Black women may be the major contributor to 
differences found between Black and White women in the delivery of younger preterm and 
low birthweight infants. High-risk conditions in pregnancy that increase chronic stress to the 
fetus, such as chronic hypertension, are identified during prenatal visits. Treatments for high-
risk conditions can reduce the amount of chronic stress to the fetus and long-term 
complications including preterm delivery (Chen, Wen, Yang & Walker, 2007). This study 
found that Black women were 4 times more likely not to receive prenatal care than White 
women (Table 7). The 23 to 26 week gestational age group could not be analyzed because all 
White women in this group received prenatal care, whereas 10 of the 99 Black women did 
not. The underutilization of prenatal care in Black women may contribute to unidentified 
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chronic conditions that increase the risk of preterm delivery and neonatal morbidity (Chen et 
al., 2007). 
Maternal Infection. Maternal infection has frequently been identified as an etiological 
factor for preterm birth (Faye-Petersen, 2008). Consistent with previous research (Fiscella, 
2004), Black women in this study experienced significantly more infections during the 
antepartum period than White and Hispanic women. Studies such as Sangkomkamhang, 
Lumbiganon, Prasertcharoensook and Laopaiboon (2008) found that infection screening and 
treatment during pregnancy can reduce the rate of preterm birth and of low and very low 
birthweight infants. Differences in the amount of maternal infection between the races may 
be explained by the fact that Black women are less likely to seek prenatal care than White 
women. However this does not provide an explanation for the increased number of infections 
in Black women who do seek prenatal care. Velez et al. (2009) has also shown an association 
between preterm birth in Black women and infection but linked this increased rate to genes 
involved in infection and inflammation (i.e. IL-2, IL-2rB, MMP2, MMP9 and TNF-α). While 
no single gene was identified, they did identify the cytokine-infection-inflammation 
pathways as the most strongly associated path with preterm birth in Black women (Velez, et 
al., 2009).  
While Black women had significantly more infection during the antepartum period in 
this study, those infections did not contribute to the development of NEC in Black preterm 
infants. This result was unexpected because Black women experienced more antepartum 
infections than White women in both gestational age groups. What could not be determined, 
and requires further research, is whether the inflammatory process experienced by the mother 
is expressed in the fetus. While maternal infection may lead to an increase in preterm 
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delivery, how the fetus responds to the infection and if infection in the mother leads to the 
initiation of the inflammatory cascade after birth in the preterm infant requires further study. 
Cocaine. This study did not show differences between the races related to cocaine, 
but this finding might be due to self-report of drug use. Determining true cocaine use is quite 
difficult. Mothers in this study were not subjected to routine testing but were only given urine 
drug screens if the mother reported cocaine use or the health care providers were suspicious. 
Due to the expense of drug testing the protocol at the study institution is not likely to change; 
therefore assessing the true rate of illicit cocaine use will continue to be imperfect. 
Neonatal Risk Factors 
Demographics. Few studies have addressed the question of how race and gender 
contribute to the development of NEC in preterm infants. Holman and colleagues have been 
studying the contribution of Black race to NEC since 1991 and their studies continue to 
suggest Black race is an independent contributor to NEC (Guthrie et al., 2003; Holman et al., 
1997; Holman et al., 2006; Llanos et al., 2002). A small retrospective study performed by 
this author provided further evidence that the frequency with which Black infants were 
diagnosed with NEC was significantly higher than that of other races (Carter & Holditch-
Davis, 2008). Thus investigating the contribution of race and gender to NEC with a larger 
sample is important. The present study however showed no racial or gender differences in the 
amount of NEC experienced by preterm infants. Thus, while a number of factors increase the 
risk of NEC in this population, race alone is not a risk factor for necrotizing enterocolitis. 
This should not eliminate the investigation of racial contribution to NEC as it is clearly 
associated with other factors.  
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Preterm infants also experience different levels of severity of NEC, with no NEC 
being the least, medical NEC being more severe, and surgical NEC being the most severe. 
This study showed that Black infants between the gestational ages of 23 and 26 weeks 
experienced significantly more severe levels of NEC than did preterm infants of the other 
races. This may be due to the higher number of younger preterm infants born to Black 
mothers than to White mothers. Infants of low gestational age and birthweight have immature 
gastrointestinal mucosal defense mechanisms and are more prone to inflammatory mediators 
which contribute to mucosal injuries that influence the development of NEC (Caplan & 
Jilling 2001; Noerr, 2003). 
Neonatal Treatment Risk Factors 
Infection. Increased risk of nosocomial infections in preterm infants is often attributed 
to the utilization of central venous catheters for parenteral nutrition. Preterm infants who 
developed NEC had significantly higher number of nosocomial infections prior to developing 
NEC than those who did not develop NEC. In the 27 to 30 week group, while the infants 
demonstrated the same relationship between infection and NEC, the odds ratio for the 
association between number of nosocomial infections and NEC for the 27 to 20 week group 
was less than half when compared to the 23 to 26 week group. This difference may be due to 
the fact that infants who are of lower gestational age and birth weight being at higher risk for 
infection than infants weighing more than 1500 grams (Geffers, Baerwolff, Schwab, & 
Gastmeier, 2008) because of several factors associated with NICU admission such as poor 
handwashing techniques, central venous catheters, mechanical ventilation and poor skin 
cleansing prior to invasive techniques (Adams-Chapman & Stoll, 2002).  Also, preterm 
infants born at later gestational ages may require shorter time periods with central catheter 
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access because they are able to progress to full feeds earlier. Decreasing the length of time 
with central access may in turn decrease the heightened risk of infection (Clark et al., 2004). 
Best practices for central catheters have recently included assessing the need for central 
catheters daily as health care providers are becoming more cognizant of increased infection 
risk for preterm infants with central venous access (Saiman, 2006). 
Antibiotic use varies greatly among institutions but many institutions are 
investigating prophylactic antibiotic use (Saiman, 2006). However antibiotic overexposure 
has also been identified as potentially increasing the risk for infection in the neonatal 
population (Tom-Revzon, 2004). Overexposure to antibiotics could potentially lead to 
bacterial resistance (Henry & Moss, 2008) and increase susceptibility to successive 
pathogens. While researchers may agree that repeated infections may cause an imbalance in 
the intestinal microbial flora (Horton, 2005), eliminating this risk factor is difficult in that 
infants require central lines for treatment and antibiotic therapy is necessary whether utilized 
preventatively or curatively.  
Mechanical Ventilation. Mechanical ventilation was significantly correlated with 
increased number of infections in both gestational age groups in this study (Tables 17 & 
17.1), which is consistent with the literature that mechanically ventilated patients have higher 
number of infections probably as a result of the invasive nature of the endotracheal tube and 
the respiratory equipment being reservoirs for pathogens (Couto et al., 2006; Foglia, Meier, 
& Elward, 2007). Strategies for reducing the risk of infections include early extubation and 
changing of in line suction catheters weekly (Saiman, 2006). The surfactant positive airway 
pressure and pulse oximetry (SUPPORT) study being performed by the NICHD is 
investigating the use of nasal continuous positive airway pressure (NCPAP) versus intubation 
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and mechanical ventilation in extremely low birth weight infants to reduce the rate of 
bronchopulmonary disease. Research on this topic should lead to alternative modes of 
ventilating preterm infants who in past years were automatically intubated. Reduction in 
intubation and mechanical ventilation should reduce the rate of infections in the preterm 
infants. 
PRBC Transfusions. Packed red blood cell (PRBC) transfusions have recently been 
identified as a risk factor for NEC but little research has been conducted on this topic. 
PRBC’s are thought to have low levels of nitric oxide. Nitric oxide (NO) may be a protective 
modulator for the intestinal mucosa that mediates smooth muscle relaxation and counteracts 
the vasoconstricting influence of cytokines during periods of inflammation or ischemia 
(Henry & Moss, 2004). Nitric oxide is also thought to modulate PAF activity and limit the 
adhesion of neutrophils to the vascular endothelium, directly protecting the mucosal cells. 
Additionally, PRBC’s used for transfusions are believed to have lower levels of hemoglobin, 
decreasing the amount of circulating hemoglobin and the oxygen carrying capability of red 
blood cells. 
Health care providers at the study institution have acted in response to clinical 
observations that preterm infants who had recently (~24 hrs) received PRBC transfusions 
were developing pneumatosis. While the practice of holding oral feeds prior to, during, and 
after PRBC transfusion is not supported by all researchers (Agwu & Narchi, 2005) protocols 
defining the feeding procedure during PRBC transfusion at the study and other teaching 
institution have been implemented. There is not sufficient data available to determine if these 
protocols have reduced the risk of NEC in preterm infants who require PRBC transfusions. 
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This study supported clinical observations that preterm infants in both groups who 
developed NEC received significantly more PRBC transfusions than those preterm infants 
who did not develop NEC.  Investigations are in progress at the study institution to evaluate 
certain levels of S-nitrosohemeglobin (SNO-Hb), a substance that helps areas that are lacking 
in oxygen to better receive oxygen, to determine if SNO-Hb is reduced in stored packed red 
blood cells that are used for preterm infant transfusions. Researchers in the study hospital are 
also evaluating circulating oxygen during PRBC transfusion with buccal sensors. These 
efforts will promote an understanding of the causal relationships and determine the 
effectiveness of the practice change. 
Racial Disparities 
Infant treatment factors, specifically PRBC transfusions, occur more frequently in 
Black boys who eventually received a NEC diagnosis than Black girls and White and 
Hispanics (boys and girls) who developed NEC. Additionally, when all Black boys were 
included in the analysis, PRBC transfusions and infections were found to occur more 
frequently in Black boys than in Black girls and White and Hispanics (boys and girls). This 
racial disparity in been briefly acknowledged by few researchers (Guthrie et al., 2003; 
Holman et al., 1997; Holman et al., 2006; Llanos et al., 2002) and is most often explained by 
the higher rate of preterm delivery and of lower gestational age infants in Black women. 
However, in this study, with the exception of mechanical ventilation, the amount of 
treatments received by Black boys who developed NEC was significantly higher in both 
gestational age groups. This could be due to Black women having significantly more preterm 
deliveries in both gestational age groups. Some researchers blame the increased rate of 
premature deliveries on the lack of prenatal care received by Black women. While Black 
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women in this study had significantly less prenatal care than White women, as shown by the 
demographics, 236 of the 262 Black women did receive some amount of prenatal care. 
The greater number of maternal prenatal infections in Black women in this study is 
more likely to explain the higher number of infections and PRBC transfusions in Black 
preterm infants. Preterm infants of Black mothers who had prenatal infections experienced 
more antibiotic weeks than preterm infants of White women. Maternal infection may alter the 
immune system of the fetus, making their system more susceptible to infection. Infection 
could also require preterm infants to receive higher number of PRBC transfusions due to the 
greater number of blood draws required for monitoring sepsis, however the higher number of 
PRBC transfusions in preterm infants with higher numbers of infections was only significant 
for the 23 to 26 week group. The increased need for PRBC transfusions in the 23 to 26 week 
group could be due to smaller blood volume and the ability of infants in the 27 to 30 week 
group to produce reticulocytes, thereby decreasing the need for PRBC transfusions. 
Understanding the relationships between maternal risk factors and infant treatment factors 
require additional research that focuses on maternal prenatal care and infection history and 
the contribution of the maternal history to the Black preterm infant’s higher number of 
infections and PRBC transfusions and greater need for mechanical ventilation. 
Limitations 
Limitations related to this study include the retrospective analysis of prospectively 
collected clinical data and reliability of clinical data. While the data is part of a general 
database used primarily for research, a full prospective design would have allowed for 
collection of quantitative and qualitative maternal and infant data that would have been more 
specific to the hypotheses. This applies specifically to the nosocomial infection (antibiotic 
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weeks) and feeding data. While the number of antibiotic days was a sufficient proxy for 
nosocomial infection the number of courses of antibiotics was not indicated in the data. The 
typical course for treatment in the Duke ICN is approximately 7 days, but there are infections 
that may be treated for 10, 14 or 21 days. Also the density of antibiotic administration was 
not identified within the data. Prospective collection of this data would have allowed the 
identification of antibiotics utilized, course of treatment required for each nosocomial 
infection and whether infection was suspected or actually identified by positive blood 
culture. Feeding information was not utilized because TPN was found not be an adequate 
proxy for feeding as some infants receiving TPN were also receiving enteral or breast milk 
feedings. Due to the inconsistent data on types of feeding within the nursing documentation 
and lack of an appropriate proxy this variable was removed. Evaluating types of feeding 
(breastmilk versus formula) could have provided additional information regarding risk for 
NEC in the study sample.  
Within the maternal database there was limited availability of socioeconomic data for 
the maternal subjects.  Also, it was noted that a large portion of the maternal data was self-
report (i.e. smoking, drug use, family history). While the method of report might be the same, 
in a prospective design, having study participants available for data collection would increase 
the accessibility of the information. Drug testing appeared to be random and Black women 
were tested more often even though there was no drug history documented during the 
prenatal visits. Drug testing was not completed on maternal subjects unless there was a self-
report of abuse, history of abuse or the health care providers were suspicious of illicit drug 
use.  Yet there was no way of knowing which infants were truly exposed to cocaine without 
routine drug screening of each maternal subject.  
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Hispanic mothers had minimal documented history despite the report of prenatal care. 
Medical information gathered on admission from Hispanic mothers with no prenatal care was 
minimal. While this could be due to language barrier, medical history such as infections 
during pregnancy, drinking and smoking that could be important to the survival of the 
preterm infant was either not gathered or not documented affecting the reliability of the 
clinical data. 
Several post hoc analyses were performed in an effort to further examine the cause of 
the associations found within the hypotheses. There were no corrections performed for 
multiple tests. With this being a relatively small database this could have had resulted in a 
type I error. 
Implications for Research 
Necrotizing enterocolitis remains an elusive condition in preterm infants which 
require continued investigation of risk factors in order to reduce not only the incidence but 
severity of the disease. 
Maternal Risk Factors. The differences between Black and White women may solely 
be due to lack of prenatal care in the Black population. Prenatal intervention is essential so 
Black women can understand the potential consequences of uncontrolled hypertension on 
their pregnancy. Adequate prenatal care is also necessary to impact maternal infections, 
whether to provide treatment or to educate mothers on preventative methods. Reasons why 
Black women fail to seek prenatal care are linked to economic factors (Huynh et al., 2005), 
trust in health care providers (Sheppard, Zambrana & O’Malley, 2004), depression (Orr, 
James & Prince, 2002), racism (Rich-Edwards et al., 2001) and maternal stress (Muller-Nix 
et al., 2004). Chronic stress has also been implicated in altering the immunologic defenses 
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and increasing inflammatory process (Hitti et al., 2007). Therefore designing perinatal health 
interventions to increase the rate of Black women who seek care during pregnancy is 
essential.  
Neonatal and Treatment Risk Factors. Altering preterm infant treatment plans to 
reduce risk factors is more difficult. Mechanical ventilation has been shown to increase the 
rate of brochopulmonary disease and infection in preterm infants (Ramanathan & Sardesai, 
2008; Yuan, Chen & Yu, 2007). Long-term effects of mechanical ventilation are 
multifactorial including but not limited to increased oxygen requirements, increased risk for 
respiratory infections, longer hospital stays and increased medication requirements. Studies 
are in progress to evaluate the risk/benefit of nasal continuous positive pressure in ELBW 
and VLBW infants as compared to mechanical ventilation (NICHD SUPPORT Study). These 
studies promote intubation for surfactant therapy if indicated and immediate extubation if 
tolerated. Intervention studies to reduce the risk for infection of mechanically ventilated 
preterm infants should include hand hygiene and ensuring respiratory equipment is cleaned 
and changed at appropriate intervals. 
Continued investigations of the relationships between PRBC transfusions and NEC as 
well as studies to determine the effectiveness of altering the feeding procedures prior, during 
and after PRBC transfusions are needed.  Research efforts in identification of risk for 
infection in ELBW and VLBW infants are also needed. Projects that focus on improving 
handwashing and enhancing sterile techniques for invasive procedures will continue to 
promote improvements in the infection rate of preterm infants (Capretti, Sandri, Tridapalli, 
Galletti, Petracci & Faldella, 2008). 
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Health Disparity. Racial differences in the health of preterm infants continue to need 
to be investigated. While many differences between infant outcomes of Black and White 
women may stem from lack of intervention during pregnancy the significant differences in 
the amount of treatments the Black preterm infant is exposed to cannot continue to be 
discounted. The higher rate of preterm delivery in Black women does not account for the 
Black preterm infant’s susceptibility to more frequent treatments related to infection and 
anemia, which elevate the risk for NEC. Prospective studies to investigate NEC require 
longitudinal designs; this may be the only true way to ensure proper data collection from 
delivery to discharge and home follow-up. 
Another racial disparity which requires additional investigation is the severity of NEC 
in Black preterm infants between the gestational ages of 23 to 26 weeks. Research should 
focus on evaluating if the difference is related to maternal risk factors or solely due to the 
extreme prematurity of the infant. 
Nursing. The contribution that nursing can make to the understanding of this disease 
is immeasurable. One of the most challenging factors in the chart reviews was the incomplete 
and missing data. High-risk institutions often receive referrals from other institutions but the 
maternal history from referral hospitals were not entered into the system. While referral 
maternal patient history can provide important data needed to investigate associations 
between maternal illness and preterm infant illness, the maternal history was not available, 
therefore making the infants’ data unusable. Thorough documentation of maternal history not 
only allows for accurate data collection but is necessary to enable health care providers to 
make sound clinical decisions when evaluating the maternal related risk factors of the 
preterm infant. Documentation is essential not only for data collection purposes but for 
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presenting the infant to the health care provider. The infant’s behavior and clinical 
presentation should be thoroughly documented so subtle changes that are common with 
NEC, are detectable.  
Implications for Practice 
  Educating neonatal nurses on the risk factors of NEC and effects some treatments 
have on the infant’s gastrointestinal system will increase their ability to make sound clinical 
decisions and increase the report of conditions that are characteristic of NEC. Non-invasive 
ventilatory support such as NCPAP increases the rate of air flow to the infant’s abdomen as 
well as lungs. Ventilation of the abdomen with an orogastric tube and frequent visual 
observations of the abdomen are required to ensure no significant or reportable changes are 
evident (i.e. bowel sounds and abdominal girth). When preterm infants are being fed, a 
thorough gastrointestinal assessment prior to each feed is recommended to note any 
differences between feeding which should also include reporting infants without stool in the 
last 24 hours. Other reportable conditions are aspirates or emesis, heme positive stool or 
emesis, changes in infants color or activity level and the noted nurse observation that “there 
is just something wrong”. Nurses should be encouraged to discuss the need with the 
physician/NNP for abdominal x-rays to evaluate for pneumatosis. Infants who are receiving 
PRBC transfusion should be monitored closely for any changes in the GI system. 
Hand hygiene continues to be a primary target area in improving the rate of 
nosocomial infections among preterm infants. Interventions geared towards health care 
providers should be multimodal and promoted regularly to improve consistent adherence 
(Laustsen et al., 2009; Trick et al., 2007). 
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Thorough maternal history collection and laboratory testing during pregnancy would 
allow for more thorough presentation of potential maternal contributors to neonatal 
complications. Use of interpreters for Hispanic mothers is preferred so communication is 
effective and accurate. Encourage mothers to return for prenatal visits and provide resources 
to those without health care insurance or Medicaid.
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APPENDIX A 
 
SAS Output 
 
Table 3:  Characteristics of the 549 Preterm Infants 
Race and Gender of No NEC Group 
 
The FREQ Procedure 
                            severity 
                  Frequency‚ 
                  Col Pct  ‚       0‚       1‚       2‚  Total 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  F        ‚    137 ‚      9 ‚      9 ‚    155 
                           ‚  52.69 ‚  64.29 ‚  42.86 ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  M        ‚    123 ‚      5 ‚     12 ‚    140 
                           ‚  47.31 ‚  35.71 ‚  57.14 ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  Total         260       14       21      295 
 
 
                            severity 
                  Frequency‚ 
                  Col Pct  ‚       0‚       1‚       2‚  Total 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  F        ‚     19 ‚      3 ‚      0 ‚     22 
                           ‚  39.58 ‚  60.00 ‚      . ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  M        ‚     29 ‚      2 ‚      0 ‚     31 
                           ‚  60.42 ‚  40.00 ‚      . ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  Total          48        5        0       53 
 
                            
                            severity 
                  Frequency‚ 
                  Col Pct  ‚       0‚       1‚       2‚  Total 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  F        ‚     82 ‚      6 ‚      4 ‚     92 
                           ‚  46.59 ‚  40.00 ‚  40.00 ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  M        ‚     94 ‚      9 ‚      6 ‚    109 
                           ‚  53.41 ‚  60.00 ‚  60.00 ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  Total         176       15       10      201 
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Mortality for No NEC Group 
                               The FREQ Procedure 
 
                 Alive_DIED(Alive_DIED)     severity 
 
                  Frequency‚ 
                  Col Pct  ‚       0‚       1‚       2‚  Total 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  ALIVE    ‚    428 ‚     34 ‚     17 ‚    479 
                           ‚  88.43 ‚ 100.00 ‚  54.84 ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  DIED     ‚     56 ‚      0 ‚     14 ‚     70 
                           ‚  11.57 ‚   0.00 ‚  45.16 ‚ 
                  ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                  Total         484       34       31      549 
 
Means for No NEC Group                                                         
The MEANS Procedure 
 
               N                                                           Std 
  severity   Obs   Variable           Label                N     Mean      Dev 
  ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
         0   484   _days_before_NEC   _days_before_NEC     0      .        . 
                   Sum_TFs_           Sum_TFs_           484     4.82     8.54 
                   SUM_VENTS          SUM_VENTS          484    12.17    18.87 
                   SUM_ABXs           SUM_ABXs           484    17.72    20.80 
                   LOS                LOS                476    49.68    44.77 
 
         1    34   _days_before_NEC   _days_before_NEC    34    36.76    25.30 
                   Sum_TFs_           Sum_TFs_            34    11.09    12.91 
                   SUM_VENTS          SUM_VENTS           34    12.94    16.19 
                   SUM_ABXs           SUM_ABXs            34    16.26    14.64 
                   LOS                LOS                 32    83.00    37.06 
 
         2    31   _days_before_NEC   _days_before_NEC    31    28.97    19.32 
                   Sum_TFs_           Sum_TFs_            31    13.42    11.53 
                   SUM_VENTS          SUM_VENTS           31    12.16    13.16 
                   SUM_ABXs           SUM_ABXs            31    13.13     9.20 
                   LOS                LOS                 30    86.07    55.70 
  ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gestational Age of NEC Group                                                      
The FREQ Procedure 
 
                            Table of ga by severity 
 
                      ga(GA_of_Charles_Demog_2004_2007_in) 
                                severity 
                      Frequency‚ 
                      Percent  ‚ 
                      Row Pct  ‚ 
                      Col Pct  ‚       1‚       2‚  Total 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
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                      23       ‚      4 ‚      4 ‚      8 
                               ‚   6.15 ‚   6.15 ‚  12.31 
                               ‚  50.00 ‚  50.00 ‚ 
                               ‚  11.76 ‚  12.90 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      24       ‚      4 ‚      6 ‚     10 
                               ‚   6.15 ‚   9.23 ‚  15.38 
                               ‚  40.00 ‚  60.00 ‚ 
                               ‚  11.76 ‚  19.35 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      25       ‚      4 ‚      4 ‚      8 
                               ‚   6.15 ‚   6.15 ‚  12.31 
                               ‚  50.00 ‚  50.00 ‚ 
                               ‚  11.76 ‚  12.90 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      26       ‚      2 ‚      3 ‚      5 
                               ‚   3.08 ‚   4.62 ‚   7.69 
                               ‚  40.00 ‚  60.00 ‚ 
                               ‚   5.88 ‚   9.68 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      27       ‚      7 ‚      7 ‚     14 
                               ‚  10.77 ‚  10.77 ‚  21.54 
                               ‚  50.00 ‚  50.00 ‚ 
                               ‚  20.59 ‚  22.58 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      28       ‚      7 ‚      3 ‚     10 
                               ‚  10.77 ‚   4.62 ‚  15.38 
                               ‚  70.00 ‚  30.00 ‚ 
                               ‚  20.59 ‚   9.68 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      29       ‚      4 ‚      3 ‚      7 
                               ‚   6.15 ‚   4.62 ‚  10.77 
                               ‚  57.14 ‚  42.86 ‚ 
                               ‚  11.76 ‚   9.68 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      30       ‚      2 ‚      1 ‚      3 
                               ‚   3.08 ‚   1.54 ‚   4.62 
                               ‚  66.67 ‚  33.33 ‚ 
                               ‚   5.88 ‚   3.23 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      Total          34       31       65 
                                  52.31    47.69   100.00 
  
 
93
Race and Gender of NEC Group 
The FREQ Procedure 
 
                           Table 1 of sex by severity 
                           Controlling for RACE=BLACK 
 
                      sex(SEX_of_Final_NEC_File_MAR_2009_w) 
                                severity 
                      Frequency‚ 
                      Percent  ‚ 
                      Row Pct  ‚ 
                      Col Pct  ‚       1‚       2‚  Total 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      F        ‚      9 ‚      9 ‚     18 
                               ‚  25.71 ‚  25.71 ‚  51.43 
                               ‚  50.00 ‚  50.00 ‚ 
                               ‚  64.29 ‚  42.86 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      M        ‚      5 ‚     12 ‚     17 
                               ‚  14.29 ‚  34.29 ‚  48.57 
                               ‚  29.41 ‚  70.59 ‚ 
                               ‚  35.71 ‚  57.14 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      Total          14       21       35 
                                  40.00    60.00   100.00 
 
 
                           Table 2 of sex by severity 
                         Controlling for RACE=HISPANIC 
 
                      sex(SEX_of_Final_NEC_File_MAR_2009_w) 
                                severity 
                      Frequency‚ 
                      Percent  ‚ 
                      Row Pct  ‚ 
                      Col Pct  ‚       1‚       2‚  Total 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      F        ‚      3 ‚      0 ‚      3 
                               ‚  60.00 ‚   0.00 ‚  60.00 
                               ‚ 100.00 ‚   0.00 ‚ 
                               ‚  60.00 ‚      . ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      M        ‚      2 ‚      0 ‚      2 
                               ‚  40.00 ‚   0.00 ‚  40.00 
                               ‚ 100.00 ‚   0.00 ‚ 
                               ‚  40.00 ‚      . ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      Total           5        0        5 
                                 100.00     0.00   100.00 
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                           Table 3 of sex by severity 
                           Controlling for RACE=WHITE 
 
                      sex(SEX_of_Final_NEC_File_MAR_2009_w) 
                                severity 
                      Frequency‚ 
                      Percent  ‚ 
                      Row Pct  ‚ 
                      Col Pct  ‚       1‚       2‚  Total 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      F        ‚      6 ‚      4 ‚     10 
                               ‚  24.00 ‚  16.00 ‚  40.00 
                               ‚  60.00 ‚  40.00 ‚ 
                               ‚  40.00 ‚  40.00 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      M        ‚      9 ‚      6 ‚     15 
                               ‚  36.00 ‚  24.00 ‚  60.00 
                               ‚  60.00 ‚  40.00 ‚ 
                               ‚  60.00 ‚  60.00 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      Total          15       10       25 
                                  60.00    40.00   100.00 
 
 
 
                           Mortality for No NEC Group                         
                               The FREQ Procedure 
 
                        Table of Alive_DIED by severity 
 
                      Alive_DIED(Alive_DIED) 
                                severity 
                      Frequency‚ 
                      Percent  ‚ 
                      Row Pct  ‚ 
                      Col Pct  ‚       1‚       2‚  Total 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      ALIVE    ‚     34 ‚     17 ‚     51 
                               ‚  52.31 ‚  26.15 ‚  78.46 
                               ‚  66.67 ‚  33.33 ‚ 
                               ‚ 100.00 ‚  54.84 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      DIED     ‚      0 ‚     14 ‚     14 
                               ‚   0.00 ‚  21.54 ‚  21.54 
                               ‚   0.00 ‚ 100.00 ‚ 
                               ‚   0.00 ‚  45.16 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      Total          34       31       65 
                                  52.31    47.69   100.00 
 
 
                  
  
 
95
 
Birthweights of No NEC 
The FREQ Procedure 
 
                                             Cumulative    Cumulative 
           bwgrp    Frequency     Percent     Frequency      Percent 
           ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
           AGA            46        9.50            46         9.50 
           ELBW          115       23.76           161        33.26 
           VLBW          130       26.86           291        60.12 
           VLBW1         193       39.88           484       100.00 
 
 
 
Gestational Age of No NEC Group                                                     
The FREQ Procedure 
 
                                           Cumulative    Cumulative 
            ga    Frequency     Percent     Frequency      Percent 
            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
            23          25        5.17            25         5.17 
            24          40        8.26            65        13.43 
            25          59       12.19           124        25.62 
            26          58       11.98           182        37.60 
            27          59       12.19           241        49.79 
            28          67       13.84           308        63.64 
            29          82       16.94           390        80.58 
            30          94       19.42           484       100.00 
 
 
Race and Gender of No NEC 
The FREQ Procedure 
 
                      RACE(RACE) 
                                sex(SEX_of_Final_NEC_File_MAR_2009_w) 
                      Frequency‚ 
                      Percent  ‚ 
                      Row Pct  ‚ 
                      Col Pct  ‚F       ‚M       ‚  Total 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      BLACK    ‚    137 ‚    123 ‚    260 
                               ‚  28.31 ‚  25.41 ‚  53.72 
                               ‚  52.69 ‚  47.31 ‚ 
                               ‚  57.56 ‚  50.00 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      HISPANIC ‚     19 ‚     29 ‚     48 
                               ‚   3.93 ‚   5.99 ‚   9.92 
                               ‚  39.58 ‚  60.42 ‚ 
                               ‚   7.98 ‚  11.79 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      WHITE    ‚     82 ‚     94 ‚    176 
                               ‚  16.94 ‚  19.42 ‚  36.36 
                               ‚  46.59 ‚  53.41 ‚ 
                               ‚  34.45 ‚  38.21 ‚ 
                      ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                      Total         238      246      484 
                                  49.17    50.83   100.00 
 
 
One Minute Apgars for No NEC Group                                                   
The FREQ Procedure 
 
                                               Cumulative    Cumulative 
         apgar1grp    Frequency     Percent     Frequency      Percent 
         ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
         0-3               210       43.39           210        43.39 
         4-6               144       29.75           354        73.14 
         7-10              130       26.86           484       100.00 
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Five Minute Apgars for No NEC Group                                                   
The FREQ Procedure 
 
                                               Cumulative    Cumulative 
         apgar2grp    Frequency     Percent     Frequency      Percent 
         ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
         0-3                35        7.23            35         7.23 
         4-6               121       25.00           156        32.23 
         7-10              328       67.77           484       100.00 
 
 
                          
                           Mortality for No NEC Group                         
                               The FREQ Procedure 
 
                                  Alive_DIED 
 
          Alive_                             Cumulative    Cumulative 
          DIED      Frequency     Percent     Frequency      Percent 
          ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
          ALIVE          428       88.43           428        88.43 
          DIED            56       11.57           484       100.00 
 
 
                                 
 
Table 4: Race Demographics for 471 Mothers                                                                
The FREQ Procedure 
 
                                             RACE 
 
                                                      Cumulative    Cumulative 
                 RACE        Frequency     Percent     Frequency      Percent 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
                 BLACK            267       56.69           267        56.69 
                 HISPANIC          48       10.19           315        66.88 
                 WHITE            156       33.12           471       100.00 
 
 
 
                 
 
 
 
                          Chronic_Hypertension(Chronic_Hypertension) 
                                    RACE(RACE) 
 
                          Frequency‚ 
                          Percent  ‚ 
                          Row Pct  ‚ 
                          Col Pct  ‚BLACK   ‚HISPANIC‚WHITE   ‚  Total 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          No       ‚    223 ‚     45 ‚    138 ‚    406 
                                   ‚  47.35 ‚   9.55 ‚  29.30 ‚  86.20 
                                   ‚  54.93 ‚  11.08 ‚  33.99 ‚ 
                                   ‚  83.52 ‚  93.75 ‚  88.46 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Yes      ‚     44 ‚      3 ‚     18 ‚     65 
                                   ‚   9.34 ‚   0.64 ‚   3.82 ‚  13.80 
                                   ‚  67.69 ‚   4.62 ‚  27.69 ‚ 
                                   ‚  16.48 ‚   6.25 ‚  11.54 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Total         267       48      156      471 
                                      56.69    10.19    33.12   100.00 
 
                         PreEclampsia(PreEclampsia) 
                                    RACE(RACE) 
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                          Frequency‚ 
                          Percent  ‚ 
                          Row Pct  ‚ 
                          Col Pct  ‚BLACK   ‚HISPANIC‚WHITE   ‚  Total 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          No       ‚    197 ‚     40 ‚    126 ‚    363 
                                   ‚  41.83 ‚   8.49 ‚  26.75 ‚  77.07 
                                   ‚  54.27 ‚  11.02 ‚  34.71 ‚ 
                                   ‚  73.78 ‚  83.33 ‚  80.77 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Yes      ‚     70 ‚      8 ‚     30 ‚    108 
                                   ‚  14.86 ‚   1.70 ‚   6.37 ‚  22.93 
                                   ‚  64.81 ‚   7.41 ‚  27.78 ‚ 
                                   ‚  26.22 ‚  16.67 ‚  19.23 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Total         267       48      156      471 
                                      56.69    10.19    33.12   100.00 
 
                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    PNC(PNC)     RACE(RACE) 
 
                          Frequency‚ 
                          Percent  ‚ 
                          Row Pct  ‚ 
                          Col Pct  ‚BLACK   ‚HISPANIC‚WHITE   ‚  Total 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          No       ‚     26 ‚      9 ‚      4 ‚     39 
                                   ‚   5.52 ‚   1.91 ‚   0.85 ‚   8.28 
                                   ‚  66.67 ‚  23.08 ‚  10.26 ‚ 
                                   ‚   9.74 ‚  18.75 ‚   2.56 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Yes      ‚    241 ‚     39 ‚    152 ‚    432 
                                   ‚  51.17 ‚   8.28 ‚  32.27 ‚  91.72 
                                   ‚  55.79 ‚   9.03 ‚  35.19 ‚ 
                                   ‚  90.26 ‚  81.25 ‚  97.44 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Total         267       48      156      471 
                                      56.69    10.19    33.12   100.00 
 
                          Eclampsia(Eclampsia)     RACE(RACE) 
 
                          Frequency‚ 
                          Percent  ‚ 
                          Row Pct  ‚ 
                          Col Pct  ‚BLACK   ‚HISPANIC‚WHITE   ‚  Total 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          No       ‚    267 ‚     48 ‚    155 ‚    470 
                                   ‚  56.69 ‚  10.19 ‚  32.91 ‚  99.79 
                                   ‚  56.81 ‚  10.21 ‚  32.98 ‚ 
                                   ‚ 100.00 ‚ 100.00 ‚  99.36 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Yes      ‚      0 ‚      0 ‚      1 ‚      1 
                                   ‚   0.00 ‚   0.00 ‚   0.21 ‚   0.21 
                                   ‚   0.00 ‚   0.00 ‚ 100.00 ‚ 
                                   ‚   0.00 ‚   0.00 ‚   0.64 ‚ 
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                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Total         267       48      156      471 
                                      56.69    10.19    33.12   100.00 
 
                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          Tobacco(Tobacco)     RACE(RACE) 
 
                          Frequency‚ 
                          Percent  ‚ 
                          Row Pct  ‚ 
                          Col Pct  ‚BLACK   ‚HISPANIC‚WHITE   ‚  Total 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          No       ‚    205 ‚     48 ‚    123 ‚    376 
                                   ‚  43.52 ‚  10.19 ‚  26.11 ‚  79.83 
                                   ‚  54.52 ‚  12.77 ‚  32.71 ‚ 
                                   ‚  76.78 ‚ 100.00 ‚  78.85 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Yes      ‚     62 ‚      0 ‚     33 ‚     95 
                                   ‚  13.16 ‚   0.00 ‚   7.01 ‚  20.17 
                                   ‚  65.26 ‚   0.00 ‚  34.74 ‚ 
                                   ‚  23.22 ‚   0.00 ‚  21.15 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Total         267       48      156      471 
                                      56.69    10.19    33.12   100.00 
 
 
 
                          Cocaine(Cocaine)     RACE(RACE) 
 
                          Frequency‚ 
                          Percent  ‚ 
                          Row Pct  ‚ 
                          Col Pct  ‚BLACK   ‚HISPANIC‚WHITE   ‚  Total 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          No       ‚    252 ‚     47 ‚    150 ‚    449 
                                   ‚  53.50 ‚   9.98 ‚  31.85 ‚  95.33 
                                   ‚  56.12 ‚  10.47 ‚  33.41 ‚ 
                                   ‚  94.38 ‚  97.92 ‚  96.15 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Yes      ‚     15 ‚      1 ‚      6 ‚     22 
                                   ‚   3.18 ‚   0.21 ‚   1.27 ‚   4.67 
                                   ‚  68.18 ‚   4.55 ‚  27.27 ‚ 
                                   ‚   5.62 ‚   2.08 ‚   3.85 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Total         267       48      156      471 
                                      56.69    10.19    33.12   100.00 
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                          mat_inf_yn     RACE(RACE) 
 
                          Frequency‚ 
                          Percent  ‚ 
                          Row Pct  ‚ 
                          Col Pct  ‚BLACK   ‚HISPANIC‚WHITE   ‚  Total 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          No       ‚    153 ‚     39 ‚    116 ‚    308 
                                   ‚  32.48 ‚   8.28 ‚  24.63 ‚  65.39 
                                   ‚  49.68 ‚  12.66 ‚  37.66 ‚ 
                                   ‚  57.30 ‚  81.25 ‚  74.36 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Yes      ‚    114 ‚      9 ‚     40 ‚    163 
                                   ‚  24.20 ‚   1.91 ‚   8.49 ‚  34.61 
                                   ‚  69.94 ‚   5.52 ‚  24.54 ‚ 
                                   ‚  42.70 ‚  18.75 ‚  25.64 ‚ 
                          ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 
                          Total         267       48      156      471 
                                      56.69    10.19    33.12   100.00 
 
 
                                    
Table 5: Chronic Hypertension Racial Comparison                                                            
The LOGISTIC Procedure 
 
                                       Model Information 
 
       Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
       Response Variable             Chronic_Hypertension            Chronic_Hypertension 
       Number of Response Levels     2 
       Model                         binary logit 
       Optimization Technique        Fisher's scoring 
 
 
 
                                        Response Profile 
 
                             Ordered     Chronic_             Total 
                               Value     Hypertension     Frequency 
 
                                   1     No                     406 
                                   2     Yes                     65 
 
                       Probability modeled is Chronic_Hypertension='Yes'. 
 
                                    Class Level Information 
 
                                                         Design 
                                Class     Value        Variables 
 
                                RACE      BLACK         1      0 
                                          HISPANIC      0      1 
                                          WHITE         0      0 
 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
                                      Model Fit Statistics 
 
                                                          Intercept 
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                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC             380.047        379.007 
                             SC              384.202        391.472 
                             -2 Log L        378.047        373.007 
 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio         5.0401        2         0.0805 
                    Score                    4.5821        2         0.1012 
                    Wald                     4.3628        2         0.1129 
 
 
                                   Type 3 Analysis of Effects 
 
                                                   Wald 
                           Effect      DF    Chi-Square    Pr > ChiSq 
 
                           RACE         2        4.3628        0.1129 
 
 
                            Analysis of Maximum Likelihood Estimates 
 
                                                  Standard          Wald 
          Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
          Intercept              1     -2.0369      0.2506       66.0631        <.0001 
          RACE      BLACK        1      0.4139      0.3000        1.9032        0.1677 
          RACE      HISPANIC     1     -0.6709      0.6467        1.0762        0.2996 
 
 
                                     Odds Ratio Estimates 
 
                                                 Point          95% Wald 
                 Effect                       Estimate      Confidence Limits 
 
                 RACE BLACK    vs WHITE          1.513       0.840       2.724 
                 RACE HISPANIC vs WHITE          0.511       0.144       1.816 
 
                                     The LOGISTIC Procedure 
 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     33.6    Somers' D    0.143 
                       Percent Discordant     19.3    Gamma        0.270 
                       Percent Tied           47.1    Tau-a        0.034 
                       Pairs                 26390    c            0.571 
 
 
                                     
Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        3.0752        0.0795 
                          B vs W         1        1.9032        0.1677 
 
 
                          Contrast Rows Estimation and Testing Results 
 
                                Standard                                Wald 
Contrast  Type Row  Estimate     Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
 
B vs H    EXP   1    2.9589    1.8305    0.05    0.8802    9.9474      3.0752      0.0795 
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B vs W    EXP   1    1.5127    0.4538    0.05    0.8402    2.7235      1.9032      0.1677 
 
 
           Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
           Response Variable             PreEclampsia                    PreEclampsia 
           Number of Response Levels     2 
           Model                         binary logit 
           Optimization Technique        Fisher's scoring 
 
                            Number of Observations Read         471 
                            Number of Observations Used         471 
 
                                        Response Profile 
 
                               Ordered     Pre               Total 
                                 Value     Eclampsia     Frequency 
 
                                     1     No                  363 
                                     2     Yes                 108 
 
                           Probability modeled is PreEclampsia='Yes'. 
 
                                    Class Level Information 
 
                                                         Design 
                                Class     Value        Variables 
                                RACE      BLACK         1      0 
                                          HISPANIC      0      1 
                                          WHITE         0      0 
 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
                                      Model Fit Statistics 
 
                                                          Intercept 
                                           Intercept            and 
                             Criterion          Only     Covariates 
                             AIC             509.200        509.213 
                             SC              513.354        521.678 
                             -2 Log L        507.200        503.213 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio         3.9863        2         0.1363 
                    Score                    3.9061        2         0.1418 
                    Wald                     3.8645        2         0.1448 
 
 
                                   Type 3 Analysis of Effects 
 
                                                   Wald 
                           Effect      DF    Chi-Square    Pr > ChiSq 
 
                           RACE         2        3.8645        0.1448 
 
 
                            Analysis of Maximum Likelihood Estimates 
 
                                                  Standard          Wald 
          Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
          Intercept              1     -1.4350      0.2031       49.9003        <.0001 
          RACE      BLACK        1      0.4003      0.2462        2.6434        0.1040 
          RACE      HISPANIC     1     -0.1738      0.4373        0.1580        0.6910 
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                                     Odds Ratio Estimates 
 
                                                 Point          95% Wald 
                 Effect                       Estimate      Confidence Limits 
 
                 RACE BLACK    vs WHITE          1.492       0.921       2.418 
                 RACE HISPANIC vs WHITE          0.840       0.357       1.980 
 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     32.7    Somers' D    0.110 
                       Percent Discordant     21.7    Gamma        0.203 
                       Percent Tied           45.6    Tau-a        0.039 
                       Pairs                 39204    c            0.555 
 
                                     Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        1.9471        0.1629 
                          B vs W         1        2.6434        0.1040 
 
                          Contrast Rows Estimation and Testing Results 
 
                                 Standard                                Wald 
Contrast  Type Row  Estimate     Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
 
B vs H    EXP  1    1.7756    0.7306    0.05    0.7927    3.9773      1.9471      0.1629 
B vs W    EXP  1    1.4923    0.3675    0.05    0.9210    2.4180      2.6434      0.1040 
 
                                       Model Information 
 
             Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
             Response Variable             Cocaine                         Cocaine 
             Number of Response Levels     2 
             Model                         binary logit 
             Optimization Technique        Fisher's scoring 
 
 
                            Number of Observations Read         471 
                            Number of Observations Used         471 
 
 
                                        Response Profile 
 
                                Ordered                     Total 
                                  Value     Cocaine     Frequency 
 
                                      1     No                449 
                                      2     Yes                22 
 
                             Probability modeled is Cocaine='Yes'. 
 
                                    Class Level Information 
                                                         Design 
                                Class     Value        Variables 
 
                                RACE      BLACK         1      0 
                                          HISPANIC      0      1 
                                          WHITE         0      0 
 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
                                      Model Fit Statistics 
 
                                                          Intercept 
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                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC             179.764        182.102 
                             SC              183.919        194.566 
                             -2 Log L        177.764        176.102 
 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio         1.6621        2         0.4356 
                    Score                    1.4979        2         0.4729 
                    Wald                     1.4264        2         0.4901 
 
                                   
 
Type 3 Analysis of Effects 
 
                                                   Wald 
                           Effect      DF    Chi-Square    Pr > ChiSq 
 
                           RACE         2        1.4264        0.4901 
 
                            Analysis of Maximum Likelihood Estimates 
 
                                                  Standard          Wald 
          Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
          Intercept              1     -3.2189      0.4163       59.7759        <.0001 
          RACE      BLACK        1      0.3975      0.4939        0.6476        0.4210 
          RACE      HISPANIC     1     -0.6309      1.0928        0.3333        0.5637 
 
                                     Odds Ratio Estimates 
 
                                                 Point          95% Wald 
                 Effect                       Estimate      Confidence Limits 
 
                 RACE BLACK    vs WHITE          1.488       0.565       3.918 
                 RACE HISPANIC vs WHITE          0.532       0.062       4.531 
 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     32.8    Somers' D    0.134 
                       Percent Discordant     19.4    Gamma        0.257 
                       Percent Tied           47.9    Tau-a        0.012 
                       Pairs                  9878    c            0.567 
 
                                     Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        0.9689        0.3250 
                          B vs W         1        0.6476        0.4210 
 
 
                          Contrast Rows Estimation and Testing Results 
 
                                Standard                                 Wald 
Contrast  Type Row  Estimate     Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
 
B vs H    EXP   1    2.7966    2.9218    0.05    0.3608   21.6738      0.9689      0.3250 
B vs W    EXP   1    1.4881    0.7350    0.05    0.5652    3.9180      0.6476      0.4210 
 
                                       Model Information 
 
                   Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
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                   Response Variable             mat_inf_yn 
                   Number of Response Levels     2 
                   Model                         binary logit 
                   Optimization Technique        Fisher's scoring 
                            Number of Observations Read         471 
                            Number of Observations Used         471 
                                        Response Profile 
 
                                             mat_ 
                                 Ordered     inf_         Total 
                                   Value     yn       Frequency 
 
                                       1     No             308 
                                       2     Yes            163 
 
                            Probability modeled is mat_inf_yn='Yes'. 
 
                                    Class Level Information 
 
                                                         Design 
                                Class     Value        Variables 
                                RACE      BLACK         1      0 
                                          HISPANIC      0      1 
                                          WHITE         0      0 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
                                      Model Fit Statistics 
 
                                                          Intercept 
                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC             609.572        594.363 
                             SC              613.727        606.827 
                             -2 Log L        607.572        588.363 
 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio        19.2095        2         <.0001 
                    Score                   18.5956        2         <.0001 
                    Wald                    18.0185        2         0.0001 
 
                                   Type 3 Analysis of Effects 
 
                                                   Wald 
                           Effect      DF    Chi-Square    Pr > ChiSq 
 
                           RACE         2       18.0185        0.0001 
 
                            Analysis of Maximum Likelihood Estimates 
 
                                                  Standard          Wald 
          Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
          Intercept              1     -1.0647      0.1834       33.7176        <.0001 
          RACE      BLACK        1      0.7705      0.2212       12.1325        0.0005 
          RACE      HISPANIC     1     -0.4016      0.4128        0.9467        0.3306 
 
                                   Odds Ratio Estimates 
 
                                                 Point          95% Wald 
                 Effect                       Estimate      Confidence Limits 
 
                 RACE BLACK    vs WHITE          2.161       1.401       3.333 
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                 RACE HISPANIC vs WHITE          0.669       0.298       1.503 
 
 
Table 5: Maternal Infection Racial Comparisons- All GA                                                        
The LOGISTIC Procedure 
 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     38.3    Somers' D    0.213 
                       Percent Discordant     17.0    Gamma        0.385 
                       Percent Tied           44.7    Tau-a        0.097 
                       Pairs                 50204    c            0.606 
                                     Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        9.0346        0.0026 
                          B vs W         1       12.1325        0.0005 
 
                          Contrast Rows Estimation and Testing Results 
 
                              Standard                                    Wald 
Contrast  Type Row  Estimate     Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
 
B vs H    EXP   1    3.2287    1.2590    0.05    1.5035    6.9336      9.0346      0.0026 
B vs W    EXP   1    2.1608    0.4780    0.05    1.4006    3.3335     12.1325      0.0005 
 
 
Table 6: Racial Comparisons on the Severity of Preterm Delivery in Mothers With Chronic 
Hypertension 
The LOGISTIC Procedure 
 
                                       Model Information 
 
 Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
 Response Variable             ga                              GA_of_Charles_Demog_2004_2007_in 
 Number of Response Levels     8 
 Model                         cumulative logit 
 Optimization Technique        Fisher's scoring 
 
                            Number of Observations Read         471 
                            Number of Observations Used         471 
 
                                         
 
 
 
 
 
Response Profile 
                                  Ordered                Total 
                                    Value     ga     Frequency 
 
                                        1     23            27 
                                        2     24            43 
                                        3     25            57 
                                        4     26            57 
                                        5     27            64 
                                        6     28            63 
                                        7     29            75 
                                        8     30            85 
 
               Probabilities modeled are cumulated over the lower Ordered Values. 
 
                                    Class Level Information 
                                                               Design 
                        Class                    Value        Variables 
                        RACE                     BLACK         1      0 
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                                                 HISPANIC      0      1 
                                                 WHITE        -1     -1 
                        Chronic_Hypertension     No            1 
                                                 Yes          -1 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
                         Score Test for the Proportional Odds Assumption 
 
                               Chi-Square       DF     Pr > ChiSq 
 
                                  37.1684       18         0.0050 
 
                                      Model Fit Statistics 
 
                                                          Intercept 
                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC            1931.376       1926.347 
                             SC             1960.460       1967.896 
                             -2 Log L       1917.376       1906.347 
 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio        11.0291        3         0.0116 
                    Score                   10.8845        3         0.0124 
                    Wald                    10.9616        3         0.0119 
 
                                   Type 3 Analysis of Effects 
                                                          Wald 
                    Effect                    DF    Chi-Square    Pr > ChiSq 
                    Chronic_Hypertension       1        3.9448        0.0470 
                    RACE                       2        7.9562        0.0187 
                           Analysis of Maximum Likelihood Estimates 
 
                                           Standard          Wald 
    Parameter         DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
    Intercept         23           1     -3.0917      0.2321      177.3995        <.0001 
    Intercept         24           1     -2.0320      0.1760      133.2398        <.0001 
    Intercept         25           1     -1.2784      0.1564       66.8248        <.0001 
    Intercept         26           1     -0.7215      0.1485       23.6208        <.0001 
    Intercept         27           1     -0.1593      0.1449        1.2079        0.2717 
    Intercept         28           1      0.4142      0.1461        8.0402        0.0046 
    Intercept         29           1      1.2768      0.1598       63.8478        <.0001 
 
                           Analysis of Maximum Likelihood Estimates 
 
                                                       Standard          Wald 
    Parameter                      DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
    Chronic_Hypertension No        1      0.2349      0.1183        3.9448        0.0470 
    RACE                 BLACK     1      0.2916      0.1211        5.8021        0.0160 
    RACE                 HISPANIC  1     -0.1009      0.1790        0.3181        0.5728 
 
                                     Odds Ratio Estimates 
 
                                                         Point          95% Wald 
         Effect                                       Estimate      Confidence Limits 
 
         Chronic_Hypertension No  vs Yes                 1.600       1.006       2.543 
         RACE                 BLACK    vs WHITE          1.620       1.143       2.296 
         RACE                 HISPANIC vs WHITE          1.094       0.620       1.929 
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                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     38.9    Somers' D    0.106 
                       Percent Discordant     28.3    Gamma        0.158 
                       Percent Tied           32.8    Tau-a        0.092 
                       Pairs                 95925    c            0.553 
 
                                     Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        2.0228        0.1550 
                          B vs W         1        5.8021        0.0160 
 
                         Contrast Rows Estimation and Testing Results 
 
                                Standard                                  Wald 
Contrast  Type  Row  Estimate    Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
 
B vs H    EXP   1    1.4808    0.4087    0.05    0.8621    2.5436      2.0228      0.1550 
B vs W    EXP   1    1.3386    0.1621    0.05    1.0558    1.6971      5.8021      0.0160 
 
 
 
Table 7: Risk of NEC in All Preterm Infants (23-26 wks) Whose Mothers Had Chronic Hypertension 
                                     The LOGISTIC Procedure 
 
                                       Model Information 
 
Data Set                    OUT.NEC2009WITHOUTMULTIPLES 
Response Variable           NEC_vs_no_NEC_of_PRBCs_with_fina   NEC_vs_no_NEC_of_PRBCs_with_fina 
Number of Response Levels   2 
Model                       binary logit 
Optimization Technique      Fisher's scoring 
 
                            Number of Observations Read         184 
                            Number of Observations Used         184 
 
                                        Response Profile 
 
                                         NEC_vs_no_ 
                             Ordered     NEC_of_PRBCs_         Total 
                               Value     with_fina         Frequency 
 
                                   1     No NEC                  159 
                                   2     NEC                      25 
 
               Probability modeled is NEC_vs_no_NEC_of_PRBCs_with_fina='No NEC'. 
 
                                    Class Level Information 
 
                                                                Design 
                        Class                    Value        Variables 
 
                        Chronic_Hypertension     No            1 
                                                 Yes          -1 
 
                        RACE                     BLACK         1      0 
                                                 HISPANIC      0      1 
                                                 WHITE        -1     -1 
 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
                                      Model Fit Statistics 
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                                                          Intercept 
                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC             148.241        149.290 
                             SC              151.456        162.150 
                             -2 Log L        146.241        141.290 
 
 
 
 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio         4.9511        3         0.1754 
                    Score                    5.7373        3         0.1251 
                    Wald                     5.3204        3         0.1498 
 
                                   Type 3 Analysis of Effects 
 
                                                          Wald 
                    Effect                    DF    Chi-Square    Pr > ChiSq 
 
                    Chronic_Hypertension       1        4.3966        0.0360 
                    RACE                       2        1.8439        0.3977 
 
                           Analysis of Maximum Likelihood Estimates 
 
                                                       Standard          Wald 
    Parameter                    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
    Intercept                     1      1.2000      0.3334       12.9569        0.0003 
    Chronic_Hypertension No       1      0.6252      0.2982        4.3966        0.0360 
    RACE                 BLACK    1      0.3769      0.3078        1.4998        0.2207 
    RACE                 HISPANIC 1     -0.5034      0.4162        1.4631        0.2264 
 
                                     Odds Ratio Estimates 
 
                                                         Point          95% Wald 
         Effect                                       Estimate      Confidence Limits 
 
         Chronic_Hypertension No  vs Yes                 3.492       1.085      11.238 
         RACE                 BLACK    vs WHITE          1.284       0.491       3.362 
         RACE                 HISPANIC vs WHITE          0.533       0.138       2.061 
 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     45.4    Somers' D    0.217 
                       Percent Discordant     23.6    Gamma        0.315 
                       Percent Tied           31.0    Tau-a        0.051 
                       Pairs                  3975    c            0.609 
 
                                     Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        1.8302        0.1761 
                          B vs W         1        1.4998        0.2207 
 
                          Contrast Rows Estimation and Testing Results 
 
                                Standard                              Wald 
Contrast  Type Row  Estimate     Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
B vs H    EXP  1    2.4117    1.5694    0.05    0.6736    8.6345      1.8302      0.1761 
B vs W    EXP  1    1.4577    0.4486    0.05    0.7975    2.6647      1.4998      0.2207 
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Table 7.1: Risk of NEC in Preterm Infants (27-30 wks) Whose Mothers Had Chronic Hypertension 
The LOGISTIC Procedure 
 
                                       Model Information 
 
       Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
       Response Variable             Chronic_Hypertension     
       Number of Response Levels     2 
       Model                         binary logit 
       Optimization Technique        Fisher's scoring 
 
 
                            Number of Observations Read         158 
                            Number of Observations Used         158 
 
 
                                        Response Profile 
 
                             Ordered     Chronic_             Total 
                               Value     Hypertension     Frequency 
 
                                   1     Yes                     32 
                                   2     No                     126 
 
                       Probability modeled is Chronic_Hypertension='Yes'. 
 
 
                                    Class Level Information 
 
                                                                     Design 
                   Class                                Value      Variables 
 
                   NEC_vs_no_NEC_of_PRBCs_with_fina     NEC                1 
                                                        No NEC            -1 
 
 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
 
                                      Model Fit Statistics 
 
                                                          Intercept 
                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC             161.230        162.040 
                             SC              164.292        168.166 
                             -2 Log L        159.230        158.040 
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                              Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio         1.1896        1         0.2754 
                    Score                    1.0512        1         0.3052 
                    Wald                     1.0061        1         0.3158 
 
 
                                   Type 3 Analysis of Effects 
 
                                                          Wald 
                    Effect                    DF    Chi-Square    Pr > ChiSq 
 
                    NEC_vs_no_NEC_of_PRB       1        1.0061        0.3158 
 
 
                           Analysis of Maximum Likelihood Estimates 
 
                                                    Standard          Wald 
     Parameter                    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
     Intercept                     1     -1.6894      0.3889       18.8715        <.0001 
     NEC_vs_no_NEC_of_PRB NEC      1     -0.3901      0.3889        1.0061        0.3158 
 
                                     Odds Ratio Estimates 
 
                                                       Point          95% Wald 
           Effect                                   Estimate      Confidence Limits 
 
           NEC_vs_no_NEC_of_PRB NEC    vs No NEC       0.458       0.100       2.105 
 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     11.9    Somers' D    0.064 
                       Percent Discordant      5.5    Gamma        0.371 
                       Percent Tied           82.6    Tau-a        0.021 
                       Pairs                  4032    c            0.532 
 
Table 8: Racial Comparisons for Prenatal Care Received for 471 Mothers of Preterm Infants 
                                     The LOGISTIC Procedure 
 
                                       Model Information 
 
               Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
               Response Variable             PNC                         
               Number of Response Levels     2 
               Model                         binary logit 
               Optimization Technique        Fisher's scoring 
 
                            Number of Observations Read         471 
                            Number of Observations Used         471 
 
                                        
 
 
Response Profile 
 
                                  Ordered                 Total 
                                    Value     PNC     Frequency 
 
                                        1     No             39 
                                        2     Yes           432 
 
                               Probability modeled is PNC='Yes'. 
 
                                    Class Level Information 
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                                                         Design 
                                Class     Value        Variables 
 
                                RACE      BLACK         1      0 
                                          HISPANIC      0      1 
                                          WHITE         0      0 
 
                                    Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
                                         Model Fit Statistics 
 
                                                          Intercept 
                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC             270.999        260.030 
                             SC              275.154        272.495 
                             -2 Log L        268.999        254.030 
 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio        14.9687        2         0.0006 
                    Score                   14.3865        2         0.0008 
                    Wald                    11.9858        2         0.0025 
 
                                   Type 3 Analysis of Effects 
 
                                                   Wald 
                           Effect      DF    Chi-Square    Pr > ChiSq 
 
                           RACE         2       11.9858        0.0025 
 
                            Analysis of Maximum Likelihood Estimates 
 
                                                  Standard          Wald 
          Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
          Intercept              1      3.6376      0.5065       51.5712        <.0001 
          RACE      BLACK        1     -1.4109      0.5470        6.6533        0.0099 
          RACE      HISPANIC     1     -2.1712      0.6272       11.9856        0.0005 
                                     Odds Ratio Estimates 
 
                                                 Point          95% Wald 
                 Effect                       Estimate      Confidence Limits 
 
                 RACE BLACK    vs WHITE          0.244       0.083       0.713 
                 RACE HISPANIC vs WHITE          0.114       0.033       0.390 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     44.5    Somers' D    0.318 
                       Percent Discordant     12.7    Gamma        0.556 
                       Percent Tied           42.9    Tau-a        0.048 
                       Pairs                 16848    c            0.659 
 
                                     Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        3.2234        0.0726 
                          B vs W         1        6.6533        0.0099 
 
                          Contrast Rows Estimation and Testing Results 
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                                    Standard                                    Wald 
Contrast  Type Row  Estimate     Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
 
B vs H    EXP   1    2.1391    0.9059    0.05    0.9327    4.9059      3.2234      0.0726 
B vs W    EXP   1    0.2439    0.1334    0.05    0.0835    0.7126      6.6533      0.0099 
 
Table 9: Racial Comparisons of Women Who Did Not Receive Prenatal Care and Early Preterm Delivery 
                                     The LOGISTIC Procedure 
 
                                       Model Information 
 
               Data Set                      OUT.NEC2009WITHOUTMULTIPLES 
               Response Variable             PNC                     
               Number of Response Levels     2 
               Model                         binary logit 
               Optimization Technique        Fisher's scoring 
 
                            Number of Observations Read         471 
                            Number of Observations Used         471 
 
                                        Response Profile 
 
                                  Ordered                 Total 
                                    Value     PNC     Frequency 
 
                                        1     No             39 
                                        2     Yes           432 
 
                                Probability modeled is PNC='No'. 
 
                              
 
Class Level Information 
              Class     Value                      Design Variables 
 
              RACE      BLACK         1      0 
                        HISPANIC      0      1 
                        WHITE         0      0 
 
                                   Model Convergence Status 
 
                         Convergence criterion (GCONV=1E-8) satisfied. 
 
                                      Model Fit Statistics 
 
                                                          Intercept 
                                           Intercept            and 
                             Criterion          Only     Covariates 
 
                             AIC             270.999        268.547 
                             SC              275.154        310.095 
                             -2 Log L        268.999        248.547 
 
 
                            Testing Global Null Hypothesis: BETA=0 
 
                    Test                 Chi-Square       DF     Pr > ChiSq 
 
                    Likelihood Ratio        20.4523        9         0.0153 
                    Score                   20.1116        9         0.0172 
                    Wald                    17.2137        9         0.0455 
 
 
                                   Type 3 Analysis of Effects 
 
                                                   Wald 
                           Effect      DF    Chi-Square    Pr > ChiSq 
 
                           RACE         2       11.9268        0.0026 
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                           ga           7        5.8708        0.5549 
 
                            Analysis of Maximum Likelihood Estimates 
 
                                                  Standard          Wald 
          Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
          Intercept              1     -3.7740      0.8895       18.0024        <.0001 
          RACE      BLACK        1      1.5292      0.5548        7.5980        0.0058 
          RACE      HISPANIC     1      2.1847      0.6353       11.8268        0.0006 
          ga        24           1     -0.0135      0.9173        0.0002        0.9882 
          ga        25           1     -0.3725      0.9564        0.1517        0.6970 
          ga        26           1     -0.1683      0.9113        0.0341        0.8534 
          ga        27           1     -0.3123      0.9071        0.1186        0.7306 
          ga        28           1     -0.0349      0.8853        0.0016        0.9685 
          ga        29           1     -0.1057      0.8811        0.0144        0.9045 
          ga        30           1      0.7553      0.8143        0.8604        0.3536 
 
                                     
 
Odds Ratio Estimates 
 
                                                 Point          95% Wald 
                 Effect                       Estimate      Confidence Limits 
 
                 RACE BLACK    vs WHITE          4.614       1.556      13.687 
                 RACE HISPANIC vs WHITE          8.888       2.559      30.873 
                 ga   24 vs 23                   0.987       0.163       5.956 
                 ga   25 vs 23                   0.689       0.106       4.491 
                 ga   26 vs 23                   0.845       0.142       5.042 
                 ga   27 vs 23                   0.732       0.124       4.330 
                 ga   28 vs 23                   0.966       0.170       5.476 
                 ga   29 vs 23                   0.900       0.160       5.059 
                 ga   30 vs 23                   2.128       0.431      10.500 
 
 
                 Association of Predicted Probabilities and Observed Responses 
 
                       Percent Concordant     66.6    Somers' D    0.397 
                       Percent Discordant     26.9    Gamma        0.424 
                       Percent Tied            6.5    Tau-a        0.060 
                       Pairs                 16848    c            0.698 
 
                                     Contrast Test Results 
 
                                                    Wald 
                          Contrast      DF    Chi-Square    Pr > ChiSq 
 
                          B vs H         1        2.2619        0.1326 
                          B vs W         1        7.5980        0.0058 
 
 
                          Contrast Rows Estimation and Testing Results 
 
                                Standard                                  Wald 
Contrast  Type Row  Estimate     Error   Alpha   Confidence Limits  Chi-Square  Pr >ChiSq 
 
B vs H    EXP  1    0.5191    0.2263    0.05    0.2209    1.2199      2.2619      0.1326 
B vs W    EXP  1    4.6143    2.5598    0.05    1.5556   13.6873      7.5980      0.005 
 
 
Table 10: Mortality in Black Preterm Infants of 23 to 26 Weeks Gestation                             
The LOGISTIC Procedure 
 
                               Model Information 
 
                 Data Set                      OUT.NEC2009PDA 
                 Response Variable             mat_inf_yn 
                 Number of Response Levels     2 
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                 Model                         binary logit 
                 Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                                Response Profile 
                                     mat_ 
                         Ordered     inf_         Total 
                           Value     yn       Frequency 
 
                               1     Yes             73 
                               2     No             140 
 
                    Probability modeled is mat_inf_yn='Yes'. 
 
                            Class Level Information 
                                                   Design 
                     Class          Value        Variables 
 
                     Alive_DIED     ALIVE         1 
                                    DIED          0 
 
                     RACE           BLACK         0      0 
                                    HISPANIC      1      0 
                                    WHITE         0      1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
                     AIC             275.844        272.052 
                     SC              279.205        285.497 
                     -2 Log L        273.844        264.052 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         9.7916        3         0.0204 
            Score                    9.5477        3         0.0228 
            Wald                     9.2772        3         0.0258 
 
                           Type 3 Analysis of Effects 
 
                                             Wald 
                 Effect          DF    Chi-Square    Pr > ChiSq 
 
                 Alive_DIED       1        0.0329        0.8562 
                 RACE             2        9.1382        0.0104 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                          Standard          Wald 
 Parameter              DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
 Intercept               1     -0.2279      0.3099        0.5408        0.4621 
 Alive_DIED ALIVE        1     -0.0618      0.3409        0.0329        0.8562 
 RACE       HISPANIC     1     -1.1092      0.5896        3.5393        0.0599 
 RACE       WHITE        1     -0.8764      0.3286        7.1119        0.0077 
 
                             Odds Ratio Estimates 
 
                                            Point          95% Wald 
      Effect                             Estimate      Confidence Limits 
 
      Alive_DIED ALIVE vs DIED              0.940       0.482       1.834 
  
 
115
      RACE       HISPANIC vs BLACK          0.330       0.104       1.047 
      RACE       WHITE    vs BLACK          0.416       0.219       0.793 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     48.1    Somers' D    0.226 
               Percent Discordant     25.4    Gamma        0.308 
               Percent Tied           26.5    Tau-a        0.102 
               Pairs                 10220    c            0.613 
 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.1405        0.7077 
                  B vs W         1        3.5393        0.0599 
Table 10: Mortality in Black Preterm Infants of 23 to 26 Weeks Gestation 
                             The LOGISTIC Procedure 
 
                 Contrast Rows Estimation and Testing Results 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     0.7923     0.4920     0.05     0.2346     2.6761 
B vs W     EXP           1     0.3298     0.1945     0.05     0.1039     1.0475 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.1405        0.7077 
             B vs W     EXP           1       3.5393        0.0599 
 
 
Table 10.1: Mortality in Black Preterm Infants of 27 to 30 Weeks Gestation 
                             The LOGISTIC Procedure 
 
                               Model Information 
 
                 Data Set                      OUT.NEC2009PDA 
                 Response Variable             mat_inf_yn 
                 Number of Response Levels     2 
                 Model                         binary logit 
                 Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         336 
                    Number of Observations Used         336 
 
                                Response Profile 
 
                                     mat_ 
                         Ordered     inf_         Total 
                           Value     yn       Frequency 
 
                               1     Yes            106 
                               2     No             230 
 
                    Probability modeled is mat_inf_yn='Yes'. 
 
                            Class Level Information 
                                                   Design 
                     Class          Value        Variables 
 
                     Alive_DIED     ALIVE         1 
                                    DIED          0 
                     RACE           BLACK         0      0 
                                    HISPANIC      1      0 
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                                    WHITE         0      1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             420.933        409.788 
                     SC              424.750        425.056 
                     -2 Log L        418.933        401.788 
 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
            Likelihood Ratio        17.1451        3         0.0007 
            Score                   16.5068        3         0.0009 
            Wald                    15.8790        3         0.0012 
 
                           Type 3 Analysis of Effects 
 
                                             Wald 
                 Effect          DF    Chi-Square    Pr > ChiSq 
 
                 Alive_DIED       1        1.8558        0.1731 
                 RACE             2       14.1900        0.0008 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                          Standard          Wald 
 Parameter              DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
 Intercept               1     -1.2267      0.6470        3.5952        0.0579 
 Alive_DIED ALIVE        1      0.8893      0.6528        1.8558        0.1731 
 RACE       HISPANIC     1     -1.1464      0.4774        5.7677        0.0163 
 RACE       WHITE        1     -0.8715      0.2641       10.8922        0.0010 
 
 
                             
Odds Ratio Estimates 
                                            Point          95% Wald 
      Effect                             Estimate      Confidence Limits 
 
      Alive_DIED ALIVE vs DIED              2.433       0.677       8.747 
      RACE       HISPANIC vs BLACK          0.318       0.125       0.810 
      RACE       WHITE    vs BLACK          0.418       0.249       0.702 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     42.9    Somers' D    0.248 
               Percent Discordant     18.1    Gamma        0.406 
               Percent Tied           38.9    Tau-a        0.107 
               Pairs                 24380    c            0.624 
 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.3018        0.5827 
                  B vs W         1        5.7677        0.0163 
 
 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
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B vs H     EXP           1     0.7596     0.3801     0.05     0.2849     2.0256 
B vs W     EXP           1     0.3178     0.1517     0.05     0.1247     0.8099 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.3018        0.5827 
             B vs W     EXP           1       5.7677        0.0163 
 
 
Table 11: The Relationship between Maternal Risk Factors in Black Women and NEC in the Black Preterm 
Infant 23-26 Weeks Gestation 
The LOGISTIC Procedure 
 
                               Model Information 
 
Data Set                    OUT.NEC2009PDA 
Response Variable           nec_vs_no_nec      NEC_vs_no_NEC_of_PRBCs_with_fina 
Number of Response Levels   2 
Model                       binary logit 
Optimization Technique      Fisher's scoring 
 
                    Number of Observations Read         118 
                    Number of Observations Used         118 
 
                                Response Profile 
 
                                    nec_ 
                        Ordered     vs_no_         Total 
                          Value     nec        Frequency 
 
                              1     NEC               13 
                              2     No NEC           105 
 
                  Probability modeled is nec_vs_no_nec='NEC'. 
 
                            Class Level Information 
                                                       Design 
                  Class                    Value     Variables 
 
                  RACE                     BLACK 
                  Chronic_Hypertension     No                1 
                                           Yes               0 
                  PreEclampsia             No                1 
                                           Yes               0 
                  mat_inf_yn               No                0 
                                           Yes               1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
Model Fit Statistics 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC              83.861         86.795 
                     SC               86.632         97.878 
                     -2 Log L         81.861         78.795 
 
                    Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         3.0661        3         0.3815 
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            Score                    3.3809        3         0.3365 
            Wald                     3.1304        3         0.3720 
 
                           Type 3 Analysis of Effects 
 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
 
            RACE                       0         .             . 
            Chronic_Hypertension       1        2.3408        0.1260 
            PreEclampsia               1        0.0754        0.7836 
            mat_inf_yn                 1        1.1570        0.2821 
 
                    
 
 
 
Analysis of Maximum Likelihood Estimates 
 
                                             Standard         Wald 
Parameter                    DF   Estimate      Error   Chi-Square   Pr > ChiSq 
 
Intercept                     1    -1.0103     0.9070       1.2407       0.2653 
Chronic_Hypertension No       1    -1.2149     0.7940       2.3408       0.1260 
PreEclampsia         No       1     0.2435     0.8866       0.0754       0.7836 
mat_inf_yn           Yes      1    -0.6953     0.6464       1.1570       0.2821 
 
                             Odds Ratio Estimates 
 
                                              Point          95% Wald 
    Effect                                 Estimate      Confidence Limits 
 
    Chronic_Hypertension No  vs Yes           0.297       0.063       1.407 
    PreEclampsia         No  vs Yes           1.276       0.224       7.252 
    mat_inf_yn           Yes vs No            0.499       0.141       1.771 
 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     50.3    Somers' D    0.340 
               Percent Discordant     16.3    Gamma        0.510 
               Percent Tied           33.3    Tau-a        0.067 
               Pairs                  1365    c            0.670 
 
Table 11.1: The Relationship between Maternal Risk Factors in Black Women an NEC in the Black Preterm 
Infant 27-30 Weeks Gestation 
The LOGISTIC Procedure 
 
                               Model Information 
 
Data Set                    OUT.NEC2009PDA 
Response Variable           nec_vs_no_nec      NEC_vs_no_NEC_of_PRBCs_with_fina 
Number of Response Levels   2 
Model                       binary logit 
Optimization Technique      Fisher's scoring 
 
                    Number of Observations Read         177 
                    Number of Observations Used         177 
 
                                Response Profile 
 
                                    nec_ 
                        Ordered     vs_no_         Total 
                          Value     nec        Frequency 
 
                              1     NEC               22 
                              2     No NEC           155 
 
                  Probability modeled is nec_vs_no_nec='NEC'. 
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                            Class Level Information 
 
                                                       Design 
                  Class                    Value     Variables 
                  RACE                     BLACK 
 
                  Chronic_Hypertension     No                1 
                                           Yes               0 
                  PreEclampsia             No                1 
                                           Yes               0 
                  Cocaine                  No                1 
                                           Yes               0 
                  mat_inf_yn               No                0 
                                           Yes               1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             134.889        140.002 
                     SC              138.066        155.883 
                     -2 Log L        132.889        130.002 
 
                           Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         2.8873        4         0.5769 
            Score                    2.5822        4         0.6300 
            Wald                     2.4372        4         0.6559 
 
                           Type 3 Analysis of Effects 
 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
 
            RACE                       0         .             . 
            Chronic_Hypertension       1        1.6942        0.1930 
            PreEclampsia               1        0.0529        0.8182 
            Cocaine                    1        0.6757        0.4111 
            mat_inf_yn                 1        0.1638        0.6856 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                             Standard         Wald 
Parameter                    DF   Estimate      Error   Chi-Square   Pr > ChiSq 
 
Intercept                     1    -3.5140     1.3059       7.2406       0.0071 
Chronic_Hypertension No       1     1.0495     0.8063       1.6942       0.1930 
PreEclampsia         No       1    -0.1215     0.5285       0.0529       0.8182 
Cocaine              No       1     0.8758     1.0654       0.6757       0.4111 
mat_inf_yn           Yes      1    -0.1974     0.4877       0.1638       0.6856 
                             Odds Ratio Estimates 
 
                                              Point          95% Wald 
    Effect                                 Estimate      Confidence Limits 
 
    Chronic_Hypertension No  vs Yes           2.856       0.588      13.873 
    PreEclampsia         No  vs Yes           0.886       0.314       2.495 
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    Cocaine              No  vs Yes           2.401       0.297      19.374 
    mat_inf_yn           Yes vs No            0.821       0.316       2.135 
 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     50.2    Somers' D    0.204 
               Percent Discordant     29.7    Gamma        0.256 
               Percent Tied           20.1    Tau-a        0.045 
               Pairs                  3410    c            0.602 
 
Table 12: The Relationship between Maternal Risk Factors and NEC Mortality in Black Preterm Infants 
23-26 Weeks Gestation 
The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         118 
                    Number of Observations Used         118 
 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED              32 
                              2     ALIVE             86 
 
                   Probability modeled is Alive_DIED='DIED'. 
 
                            Class Level Information 
 
                                                       Design 
                  Class                    Value     Variables 
 
                  RACE                     BLACK 
 
                  Chronic_Hypertension     No                0 
                                           Yes               1 
                  PreEclampsia             No                0 
                                           Yes               1 
                  mat_inf_yn               No                0 
                                           Yes               1 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             139.927        145.171 
                     SC              142.697        156.254 
                     -2 Log L        137.927        137.171 
 
                    Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         0.7556        3         0.8601 
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            Score                    0.7450        3         0.8626 
            Wald                     0.7406        3         0.8636 
 
                           Type 3 Analysis of Effects 
 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
 
            RACE                       0         .             . 
            Chronic_Hypertension       1        0.0477        0.8270 
            PreEclampsia               1        0.0754        0.7837 
            mat_inf_yn                 1        0.5413        0.4619 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                             Standard         Wald 
Parameter                    DF   Estimate      Error   Chi-Square   Pr > ChiSq 
 
Intercept                     1    -0.8186     0.2807       8.5051       0.0035 
Chronic_Hypertension Yes      1    -0.1567     0.7170       0.0477       0.8270 
PreEclampsia         Yes      1    -0.1738     0.6329       0.0754       0.7837 
mat_inf_yn           Yes      1    -0.3134     0.4260       0.5413       0.4619 
 
                             Odds Ratio Estimates 
 
                                              Point          95% Wald 
    Effect                                 Estimate      Confidence Limits 
 
    Chronic_Hypertension Yes vs No            0.855       0.210       3.485 
    PreEclampsia         Yes vs No            0.841       0.243       2.906 
    mat_inf_yn           Yes vs No            0.731       0.317       1.685 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     37.4    Somers' D    0.084 
               Percent Discordant     29.0    Gamma        0.126 
               Percent Tied           33.6    Tau-a        0.033 
               Pairs                  2752    c            0.542 
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Table 12.1: The Relationship between Maternal Risk Factors and NEC Mortality in Black Preterm Infants 
27-30 Weeks Gestational Age 
The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
 
                    Number of Observations Read         177 
                    Number of Observations Used         177 
 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED               9 
                              2     ALIVE            168 
 
                   Probability modeled is Alive_DIED='DIED'. 
 
                            Class Level Information 
 
                                                       Design 
                  Class                    Value     Variables 
 
                  RACE                     BLACK 
                  Cocaine                  No                0 
                                           Yes               1 
                  Chronic_Hypertension     No                0 
                                           Yes               1 
                  mat_inf_yn               No                0 
                                           Yes               1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC              73.155         77.195 
                     SC               76.331         89.900 
                     -2 Log L         71.155         69.195 
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Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         1.9597        3         0.5808 
            Score                    1.8138        3         0.6119 
            Wald                     1.7163        3         0.6333 
 
 
                           Type 3 Analysis of Effects 
 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
 
            RACE                       0         .             . 
            Chronic_Hypertension       1        0.3551        0.5512 
            Cocaine                    1        0.0585        0.8089 
            mat_inf_yn                 1        1.3254        0.2496 
 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                             Standard         Wald 
Parameter                    DF   Estimate      Error   Chi-Square   Pr > ChiSq 
 
Intercept                     1    -2.5605     0.4330      34.9615       <.0001 
Chronic_Hypertension Yes      1    -0.6498     1.0904       0.3551       0.5512 
Cocaine              Yes      1     0.2690     1.1126       0.0585       0.8089 
mat_inf_yn           Yes      1    -0.9425     0.8186       1.3254       0.2496 
 
 
                             Odds Ratio Estimates 
 
                                              Point          95% Wald 
    Effect                                 Estimate      Confidence Limits 
 
    Chronic_Hypertension Yes vs No            0.522       0.062       4.425 
    Cocaine              Yes vs No            1.309       0.148      11.585 
    mat_inf_yn           Yes vs No            0.390       0.078       1.939 
 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     45.4    Somers' D    0.237 
               Percent Discordant     21.7    Gamma        0.353 
               Percent Tied           32.9    Tau-a        0.023 
               Pairs                  1512    c            0.618 
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Table 12.2: Mortality in Black Preterm Infants of 23 to 26 Weeks Gestational Age Whose Mothers 
Experienced Chronic Hypertension During Pregnancy 
 
                             The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED              52 
                              2     ALIVE            161 
 
                   Probability modeled is Alive_DIED='DIED'. 
 
                            Class Level Information 
 
                                                        Design 
                Class                    Value        Variables 
 
                RACE                     BLACK         1      0 
                                         HISPANIC      0      1 
                                         WHITE         0      0 
 
                Chronic_Hypertension     No            0 
                                         Yes           1 
 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             238.769        243.529 
                     SC              242.130        256.974 
                     -2 Log L        236.769        235.529 
  
 
125
 
                   Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         1.2398        3         0.7435 
            Score                    1.2354        3         0.7445 
            Wald                     1.2280        3         0.7463 
 
                           Type 3 Analysis of Effects 
 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
 
            RACE                       2        1.0149        0.6020 
            Chronic_Hypertension       1        0.1688        0.6812 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                              Standard        Wald 
 Parameter                      DF  Estimate     Error  Chi-Square  Pr > ChiSq 
 
 Intercept                       1   -1.3287    0.2885     21.2142      <.0001 
 RACE                 BLACK      1    0.3158    0.3499      0.8147      0.3667 
 RACE                 HISPANIC   1   -0.0575    0.6291      0.0083      0.9272 
 Chronic_Hypertension Yes        1    0.2119    0.5158      0.1688      0.6812 
 
                             Odds Ratio Estimates 
 
                                                 Point          95% Wald 
 Effect                                       Estimate      Confidence Limits 
 
 RACE                 BLACK    vs WHITE          1.371       0.691       2.723 
 RACE                 HISPANIC vs WHITE          0.944       0.275       3.240 
 Chronic_Hypertension Yes vs No                  1.236       0.450       3.397 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     36.4    Somers' D    0.088 
               Percent Discordant     27.6    Gamma        0.137 
               Percent Tied           36.0    Tau-a        0.033 
               Pairs                  8372    c            0.544 
 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.3879        0.5334 
                  B vs W         1        0.8147        0.3667 
 
                 Contrast Rows Estimation and Testing Results 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     1.4525     0.8705     0.05     0.4487     4.7017 
B vs W     EXP           1     1.3714     0.4798     0.05     0.6908     2.7227 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.3879        0.5334 
             B vs W     EXP           1       0.8147        0.3667 
 
Table 12.3: Mortality in Black Preterm Infants of 27 to 30 Weeks Gestational Age  
        Whose Mothers Experienced Chronic Hypertension During Pregnancy 
                              The LOGISTIC Procedure 
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                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         336 
                    Number of Observations Used         336 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED              18 
                              2     ALIVE            318 
 
                   Probability modeled is Alive_DIED='DIED'. 
 
                            Class Level Information 
                                                        Design 
                Class                    Value        Variables 
                RACE                     BLACK         1      0 
                                         HISPANIC      0      1 
                                         WHITE         0      0 
                Chronic_Hypertension     No            0 
                                         Yes           1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             142.381        147.405 
                     SC              146.198        162.674 
                     -2 Log L        140.381        139.405 
 
                             Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         0.9754        3         0.8072 
            Score                    0.9018        3         0.8250 
            Wald                     0.8801        3         0.8302 
 
 
                           Type 3 Analysis of Effects 
 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
            RACE                       2        0.5978        0.7416 
            Chronic_Hypertension       1        0.2756        0.5996 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                              Standard        Wald 
 Parameter                      DF  Estimate     Error  Chi-Square  Pr > ChiSq 
 
 Intercept                       1   -2.6473    0.3723     50.5629      <.0001 
 RACE                 BLACK      1   -0.2146    0.5019      0.1827      0.6690 
 RACE                 HISPANIC   1   -0.7874    1.0796      0.5320      0.4658 
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 Chronic_Hypertension Yes        1   -0.4034    0.7684      0.2756      0.5996 
 
 
                             Odds Ratio Estimates 
 
                                                 Point          95% Wald 
 Effect                                       Estimate      Confidence Limits 
 
 RACE                 BLACK    vs WHITE          0.807       0.302       2.158 
 RACE                 HISPANIC vs WHITE          0.455       0.055       3.776 
 Chronic_Hypertension Yes vs No                  0.668       0.148       3.012 
 
         Association of Predicted Probabilities and Observed Responses 
               Percent Concordant     39.1    Somers' D    0.111 
               Percent Discordant     28.0    Gamma        0.165 
               Percent Tied           32.9    Tau-a        0.011 
               Pairs                  5724    c            0.555 
 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.2849        0.5935 
                  B vs W         1        0.1827        0.6690 
 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     1.7734     1.9033     0.05     0.2164    14.5327 
B vs W     EXP           1     0.8069     0.4050     0.05     0.3017     2.1581 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.2849        0.5935 
             B vs W     EXP           1       0.1827        0.6690 
 
Table 12.4: Mortality in Black Preterm Infants of 23 to 26 Weeks Gestational Whose Mothers Experienced 
Pre-eclampsia During Pregnancy 
                            The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
                              1     DIED              52 
                              2     ALIVE            161 
 
                   Probability modeled is Alive_DIED='DIED'. 
 
                            Class Level Information 
                                                    Design 
                    Class            Value        Variables 
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                    RACE             BLACK         1      0 
                                     HISPANIC      0      1 
                                     WHITE         0      0 
                    PreEclampsia     No            0 
                                     Yes           1 
                            Model Convergence Status 
                 Convergence criterion (GCONV=1E-8) satisfied. 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             238.769        243.269 
                     SC              242.130        256.714 
                     -2 Log L        236.769        235.269 
 
                    
 
 
 
Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         1.5002        3         0.6822 
            Score                    1.4771        3         0.6876 
            Wald                     1.4665        3         0.6900 
 
                           Type 3 Analysis of Effects 
 
                                              Wald 
                Effect            DF    Chi-Square    Pr > ChiSq 
                RACE               2        1.1716        0.5567 
                PreEclampsia       1        0.4036        0.5252 
 
                  Analysis of Maximum Likelihood Estimates 
                                           Standard          Wald 
Parameter                DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
Intercept                 1     -1.2803      0.2842       20.2957        <.0001 
RACE         BLACK        1      0.3370      0.3514        0.9198        0.3375 
RACE         HISPANIC     1     -0.0752      0.6265        0.0144        0.9045 
PreEclampsia Yes          1     -0.3373      0.5309        0.4036        0.5252 
 
                             Odds Ratio Estimates 
                                             Point          95% Wald 
     Effect                               Estimate      Confidence Limits 
 
     RACE         BLACK    vs WHITE          1.401       0.703       2.789 
     RACE         HISPANIC vs WHITE          0.928       0.272       3.167 
     PreEclampsia Yes vs No                  0.714       0.252       2.020 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     34.6    Somers' D    0.095 
               Percent Discordant     25.1    Gamma        0.159 
               Percent Tied           40.3    Tau-a        0.035 
               Pairs                  8372    c            0.547 
 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
                  B vs H         1        0.4767        0.4899 
                  B vs W         1        0.9198        0.3375 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
  
 
129
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     1.5101     0.9015     0.05     0.4687     4.8660 
B vs W     EXP           1     1.4008     0.4922     0.05     0.7035     2.7893 
 
                 
 
 
 
Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.4767        0.4899 
             B vs W     EXP           1       0.9198        0.3375 
 
 
Table 12.5: Mortality in Black Preterm Infants of 23 to 26 Weeks Gestational Age Whose Mothers 
Toxicity Screens were Positive for Cocaine During Pregnancy 
                             The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
 
                    Number of Observations Read         336 
                    Number of Observations Used         336 
 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED              18 
                              2     ALIVE            318 
 
                   Probability modeled is Alive_DIED='DIED'. 
                            Class Level Information 
 
                                                    Design 
                    Class            Value        Variables 
                    RACE             BLACK         1      0 
                                     HISPANIC      0      1 
                                     WHITE         0      0 
                    PreEclampsia     No            0 
                                     Yes           1 
Model Convergence Status 
 
Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             142.381        134.993 
                     SC              146.198        150.261 
                     -2 Log L        140.381        126.993 
 
                    
                          Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
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            Likelihood Ratio        13.3881        3         0.0039 
            Score                    8.3814        3         0.0388 
            Wald                     0.5943        3         0.8977 
 
 
                           Type 3 Analysis of Effects 
 
                                              Wald 
                Effect            DF    Chi-Square    Pr > ChiSq 
 
                RACE               2        0.5895        0.7447 
                PreEclampsia       1        0.0049        0.9445 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                           Standard          Wald 
Parameter                DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
Intercept                 1     -2.3865      0.3695       41.7250        <.0001 
RACE         BLACK        1     -0.1077      0.5067        0.0451        0.8318 
RACE         HISPANIC     1     -0.8324      1.0847        0.5890        0.4428 
PreEclampsia Yes          1    -12.4522       178.8        0.0049        0.9445 
 
                             Odds Ratio Estimates 
 
                                             Point          95% Wald 
     Effect                               Estimate      Confidence Limits 
 
     RACE         BLACK    vs WHITE          0.898       0.333       2.424 
     RACE         HISPANIC vs WHITE          0.435       0.052       3.645 
     PreEclampsia Yes vs No                 <0.001      <0.001    >999.999 
 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     53.2    Somers' D    0.361 
               Percent Discordant     17.1    Gamma        0.513 
               Percent Tied           29.7    Tau-a        0.037 
               Pairs                  5724    c            0.680 
                             Contrast Test Results 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.4527        0.5011 
                  B vs W         1        0.0451        0.8318 
 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     2.0642     2.2235     0.05     0.2500    17.0467 
B vs W     EXP           1     0.8979     0.4550     0.05     0.3326     2.4243 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.4527        0.5011 
             B vs W     EXP           1       0.0451        0.8318 
 
Table 12.6: Mortality in Black Preterm Infants of 27 to 30 Weeks Gestational Age Whose Mothers 
Toxicity Screens were Positive for Cocaine During Pregnancy 
                             The LOGISTIC Procedure 
 
                               Model Information 
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         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED              52 
                              2     ALIVE            161 
 
                   Probability modeled is Alive_DIED='DIED'. 
   Class Level Information 
 
                                                  Design 
                       Class       Value        Variables 
 
                       RACE        BLACK         1      0 
                                   HISPANIC      0      1 
                                   WHITE         0      0 
                       Cocaine     No            0 
                                   Yes           1 
                            Model Convergence Status 
                 Convergence criterion (GCONV=1E-8) satisfied. 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             238.769        243.592 
                     SC              242.130        257.038 
                     -2 Log L        236.769        235.592 
 
                     
 
                          Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         1.1765        3         0.7587 
            Score                    1.1742        3         0.7592 
            Wald                     1.1662        3         0.7611 
 
                          Type 3 Analysis of Effects 
 
                                           Wald 
                  Effect       DF    Chi-Square    Pr > ChiSq 
 
                  RACE          2        1.0393        0.5947 
                  Cocaine       1        0.1065        0.7441 
 
                    Analysis of Maximum Likelihood Estimates 
 
                                          Standard          Wald 
  Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
  Intercept              1     -1.3109      0.2826       21.5108        <.0001 
  RACE      BLACK        1      0.3149      0.3499        0.8100        0.3681 
  RACE      HISPANIC     1     -0.0753      0.6264        0.0144        0.9043 
  Cocaine   Yes          1      0.4044      1.2391        0.1065        0.7441 
 
                              Odds Ratio Estimates 
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                                           Point          95% Wald 
        Effect                          Estimate      Confidence Limits 
 
        RACE    BLACK    vs WHITE          1.370       0.690       2.720 
        RACE    HISPANIC vs WHITE          0.927       0.272       3.166 
        Cocaine Yes vs No                  1.498       0.132      16.999 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     33.4    Somers' D    0.103 
               Percent Discordant     23.1    Gamma        0.182 
               Percent Tied           43.4    Tau-a        0.038 
               Pairs                  8372    c            0.552 
 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.4276        0.5131 
                  B vs W         1        0.8100        0.3681 
 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     1.4772     0.8814     0.05     0.4588     4.7568 
B vs W     EXP           1     1.3701     0.4794     0.05     0.6902     2.7199 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.4276        0.5131 
             B vs W     EXP           1       0.8100        0.3681 
 
     
Table 13: Racial Differences in the Incidence of NEC for 23-26 Wk Group   
                             The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             NEC_vs_no_NEC_of_Final_NEC_File_ 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                               Model Information 
                        NEC_vs_no_NEC_of_Final_NEC_File_ 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                                Response Profile 
 
                                 NEC_vs_no_ 
                     Ordered     NEC_of_Final_         Total 
                       Value     NEC_File_         Frequency 
 
                           1     NEC                      31 
                           2     No NEC                  182 
 
         Probability modeled is NEC_vs_no_NEC_of_Final_NEC_File_='NEC'. 
 
                            Class Level Information 
                                                 Design 
  
 
133
                        Class     Value        Variables 
 
                        RACE      BLACK         0      0 
                                  HISPANIC      1      0 
                                  WHITE         0      1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
                     AIC             178.745        180.080 
                     SC              182.106        190.164 
                     -2 Log L        176.745        174.080 
 
                        Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         2.6645        2         0.2639 
            Score                    2.6842        2         0.2613 
            Wald                     2.6275        2         0.2688 
 
                           Type 3 Analysis of Effects 
                                           Wald 
                   Effect      DF    Chi-Square    Pr > ChiSq 
 
                   RACE         2        2.6275        0.2688 
 
                    Analysis of Maximum Likelihood Estimates 
 
                                          Standard          Wald 
  Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
  Intercept              1     -2.0890      0.2940       50.4815        <.0001 
  RACE      HISPANIC     1      0.7027      0.6316        1.2378        0.2659 
  RACE      WHITE        1      0.6172      0.4175        2.1859        0.1393 
 
                             Odds Ratio Estimates 
 
                                         Point          95% Wald 
         Effect                       Estimate      Confidence Limits 
 
         RACE HISPANIC vs BLACK          2.019       0.586       6.963 
         RACE WHITE    vs BLACK          1.854       0.818       4.201 
 
         Association of Predicted Probabilities and Observed Responses 
               Percent Concordant     37.8    Somers' D    0.161 
               Percent Discordant     21.7    Gamma        0.271 
               Percent Tied           40.5    Tau-a        0.040 
               Pairs                  5642    c            0.581 
 
 
   Table 13.1: Racial Differences in the Incidence of NEC for 27-30 Wk Group 
                             The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             NEC_vs_no_NEC_of_Final_NEC_File_ 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                               Model Information 
                        NEC_vs_no_NEC_of_Final_NEC_File_ 
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                    Number of Observations Read         336 
                    Number of Observations Used         336 
 
                               
 
                                 Response Profile 
                                 NEC_vs_no_ 
                     Ordered     NEC_of_Final_         Total 
                       Value     NEC_File_         Frequency 
 
                           1     No NEC                  302 
                           2     NEC                      34 
 
       Probability modeled is NEC_vs_no_NEC_of_Final_NEC_File_='No NEC'. 
 
                            Class Level Information 
                                                 Design 
                        Class     Value        Variables 
                        RACE      BLACK         0      0 
                                  HISPANIC      1      0 
                                  WHITE         0      1 
 
                            Model Convergence Status 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             222.208        222.507 
                     SC              226.025        233.958 
                     -2 Log L        220.208        216.507 
                    Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         3.7016        2         0.1571 
            Score                    3.1292        2         0.2092 
            Wald                     2.8107        2         0.2453 
 
Type 3 Analysis of Effects 
                                           Wald 
                   Effect      DF    Chi-Square    Pr > ChiSq 
                   RACE         2        2.8107        0.2453 
 
                    Analysis of Maximum Likelihood Estimates 
 
                                          Standard          Wald 
  Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
  Intercept              1      1.9524      0.2278       73.4363        <.0001 
  RACE      HISPANIC     1      1.5133      1.0407        2.1144        0.1459 
  RACE      WHITE        1      0.3947      0.3892        1.0280        0.3106 
 
                             Odds Ratio Estimates 
 
                                         Point          95% Wald 
         Effect                       Estimate      Confidence Limits 
 
         RACE HISPANIC vs BLACK          4.542       0.591      34.924 
         RACE WHITE    vs BLACK          1.484       0.692       3.182 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     34.9    Somers' D    0.157 
               Percent Discordant     19.2    Gamma        0.290 
               Percent Tied           45.8    Tau-a        0.029 
               Pairs                 10268    c            0.578 
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Table 14: Racial Comparisons in the Severity of NEC between Black and White Preterm 
Infants (23-26 Week Group) 
The LOGISTIC Procedure 
                               Model Information 
 
                Data Set                      OUT.FINAL_NEC_ONLY 
                Response Variable             severity 
                Number of Response Levels     2 
                Model                         binary logit 
                Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read          27 
                    Number of Observations Used          27 
 
                                Response Profile 
 
                       Ordered                      Total 
                         Value     severity     Frequency 
 
                             1            2            17 
                             2            1            10 
 
                      Probability modeled is severity=1. 
 
                            Class Level Information 
                                               Design 
                         Class     Value     Variables 
 
                         RACE      BLACK             1 
                                   WHITE             0 
 
                            Model Convergence Status 
 
                Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC              37.594         34.284 
                     SC               38.890         36.875 
                     -2 Log L         35.594         30.284 
 
                     
 
 
 
                           Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         5.3104        1         0.0212 
            Score                    5.0405        1         0.0248 
            Wald                     4.4977        1         0.0339 
 
                           Type 3 Analysis of Effects 
 
                                           Wald 
                   Effect      DF    Chi-Square    Pr > ChiSq 
 
                   RACE         1        4.4977        0.0339 
 
 
                   Analysis of Maximum Likelihood Estimates 
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                                        Standard          Wald 
   Parameter          DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
   Intercept           1      0.2877      0.5401        0.2838        0.5943 
   RACE      BLACK     1     -1.9923      0.9394        4.4977        0.0339 
 
                             Odds Ratio Estimates 
 
                                      Point          95% Wald 
            Effect                 Estimate      Confidence Limits 
 
            RACE BLACK vs WHITE       0.136       0.022       0.860 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     51.8    Somers' D    0.447 
               Percent Discordant      7.1    Gamma        0.760 
               Percent Tied           41.2    Tau-a        0.217 
               Pairs                   170    c            0.724 
 
 
 
 
 
Table 14.1: Racial Comparisons in the Severity of NEC between Black and White  
Preterm Infants (27-30 Week Group) 
                              The LOGISTIC Procedure 
 
                               Model Information 
 
                Data Set                      OUT.FINAL_NEC_ONLY 
                Response Variable             severity 
                Number of Response Levels     2 
                Model                         binary logit 
                Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read          33 
                    Number of Observations Used          33 
 
                                Response Profile 
 
                       Ordered                      Total 
                         Value     severity     Frequency 
 
                             1            2            14 
                             2            1            19 
 
                       Probability modeled is severity=1. 
 
                            Class Level Information 
 
                                               Design 
                         Class     Value     Variables 
 
                         RACE      BLACK             1 
                                   WHITE             0 
 
                           Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC              46.987         48.737 
                     SC               48.484         51.730 
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                     -2 Log L         44.987         44.737 
 
                    Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         0.2502        1         0.6169 
            Score                    0.2481        1         0.6184 
            Wald                     0.2470        1         0.6192 
 
 
                           Type 3 Analysis of Effects 
 
                                           Wald 
                   Effect      DF    Chi-Square    Pr > ChiSq 
 
                   RACE         1        0.2470        0.6192 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                        Standard          Wald 
   Parameter          DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
   Intercept           1      0.5596      0.6268        0.7971        0.3719 
   RACE      BLACK     1     -0.3773      0.7591        0.2470        0.6192 
 
                              
                              Odds Ratio Estimates 
 
                                      Point          95% Wald 
            Effect                 Estimate      Confidence Limits 
 
            RACE BLACK vs WHITE       0.686       0.155       3.036 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     26.3    Somers' D    0.083 
               Percent Discordant     18.0    Gamma        0.186 
               Percent Tied           55.6    Tau-a        0.042 
               Pairs                   266    c            0.541 
 
   Table 15: Effects of Race and NEC on Mortality in the 23 to 26 Week Group  
                             The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED              52 
                              2     ALIVE            161 
 
                   Probability modeled is Alive_DIED='DIED'. 
 
                            Class Level Information 
 
                                                              Design 
          Class                                Value        Variables 
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          RACE                                 BLACK         1      0 
                                               HISPANIC      0      1 
                                               WHITE         0      0 
 
          NEC_vs_no_NEC_of_Final_NEC_File_     NEC           0 
                                               No NEC        1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
 
 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             238.769        242.245 
                     SC              242.130        255.690 
                     -2 Log L        236.769        234.245 
 
                    Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         2.5241        3         0.4710 
            Score                    2.5616        3         0.4643 
            Wald                     2.5204        3         0.4716 
 
                           Type 3 Analysis of Effects 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
 
            NEC_vs_no_NEC_of_Fin       1        1.5121        0.2188 
            RACE                       2        1.3502        0.5091 
 
                   Analysis of Maximum Likelihood Estimates 
                                              Standard        Wald 
 Parameter                      DF  Estimate     Error  Chi-Square  Pr > ChiSq 
 Intercept                       1   -0.8885    0.4340      4.1914      0.0406 
 NEC_vs_no_NEC_of_Fin No NEC     1   -0.5265    0.4282      1.5121      0.2188 
 RACE                 BLACK      1    0.3627    0.3537      1.0514      0.3052 
 RACE                 HISPANIC   1   -0.0896    0.6287      0.0203      0.8867 
 
 
                             Odds Ratio Estimates 
                                                 Point          95% Wald 
 Effect                                       Estimate      Confidence Limits 
 NEC_vs_no_NEC_of_Fin No NEC vs NEC              0.591       0.255       1.367 
 RACE                 BLACK    vs WHITE          1.437       0.719       2.875 
 RACE                 HISPANIC vs WHITE          0.914       0.267       3.135 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     38.6    Somers' D    0.103 
               Percent Discordant     28.3    Gamma        0.154 
               Percent Tied           33.1    Tau-a        0.038 
               Pairs                  8372    c            0.551 
 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.5668        0.4515 
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                  B vs W         1        1.0514        0.3052 
 
 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     1.5718     0.9442     0.05     0.4843     5.1018 
B vs W     EXP           1     1.4372     0.5084     0.05     0.7185     2.8747 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.5668        0.4515 
             B vs W     EXP           1       1.0514        0.3052 
 
Table 15.1: Effects of Race and NEC on Mortality in the 27 to 30 Week Group 
                             The LOGISTIC Procedure 
 
                               Model Information 
 
         Data Set                      OUT.NEC2009PDA 
         Response Variable             Alive_DIED           Alive_DIED 
         Number of Response Levels     2 
         Model                         binary logit 
         Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         336 
                    Number of Observations Used         336 
 
                                Response Profile 
 
                        Ordered     Alive_         Total 
                          Value     DIED       Frequency 
 
                              1     DIED              18 
                              2     ALIVE            318 
 
                   Probability modeled is Alive_DIED='DIED'. 
 
                            Class Level Information 
                                                              Design 
          Class                                Value        Variables 
 
          RACE                                 BLACK         1      0 
                                               HISPANIC      0      1 
                                               WHITE         0      0 
 
          NEC_vs_no_NEC_of_Final_NEC_File_     NEC           0 
                                               No NEC        1 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                          
 
     Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             142.381        145.343 
                     SC              146.198        160.612 
                     -2 Log L        140.381        137.343 
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                    Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio         3.0372        3         0.3859 
            Score                    3.6417        3         0.3028 
            Wald                     3.3814        3         0.3365 
 
                           Type 3 Analysis of Effects 
 
                                                  Wald 
            Effect                    DF    Chi-Square    Pr > ChiSq 
 
            NEC_vs_no_NEC_of_Fin       1        2.7688        0.0961 
            RACE                       2        0.5965        0.7421 
 
                   Analysis of Maximum Likelihood Estimates 
 
                                              Standard        Wald 
 Parameter                      DF  Estimate     Error  Chi-Square  Pr > ChiSq 
 Intercept                       1   -1.8167    0.6171      8.6672      0.0032 
 NEC_vs_no_NEC_of_Fin No NEC     1   -1.0045    0.6037      2.7688      0.0961 
 RACE                 BLACK      1   -0.2896    0.5049      0.3289      0.5663 
 RACE                 HISPANIC   1   -0.6934    1.0827      0.4101      0.5219 
 
                             Odds Ratio Estimates 
                                                 Point          95% Wald 
 Effect                                       Estimate      Confidence Limits 
 NEC_vs_no_NEC_of_Fin No NEC vs NEC              0.366       0.112       1.196 
 RACE                 BLACK    vs WHITE          0.749       0.278       2.014 
 RACE                 HISPANIC vs WHITE          0.500       0.060       4.174 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     45.8    Somers' D    0.221 
               Percent Discordant     23.7    Gamma        0.318 
               Percent Tied           30.5    Tau-a        0.022 
               Pairs                  5724    c            0.611 
 
                           Contrast Test Results 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        0.1401        0.7081 
                  B vs W         1        0.3289        0.5663 
 
 
                   Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     1.4975     1.6152     0.05     0.1808    12.4022 
B vs W     EXP           1     0.7486     0.3780     0.05     0.2783     2.0138 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       0.1401        0.7081 
             B vs W     EXP           1       0.3289        0.5663 
 
Table 16: Effects of Neonatal Treatment Risk Factors in the Development of 
NEC in the 23-26 Week Group 
 
The GENMOD Procedure 
                                       Model Information 
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      Data Set                        OUT.NEC2009PDAMINUS400 
      Distribution                                  Binomial 
      Link Function                                    Logit 
      Dependent Variable    NEC_vs_no_NEC_of_Final_NEC_File_    NEC_vs_no_NEC_of_ 
                                                                Final_NEC_File_ 
 
 
                            Number of Observations Read         212 
                            Number of Observations Used         212 
                            Number of Events                     31 
                            Number of Trials                    212 
 
 
                                    Class Level Information 
 
            Class      Levels    Values 
 
            RACE            3    BLACK HISPANIC WHITE 
            sex             2    F M 
            ga              4    23 24 25 26 
                                       Response Profile 
 
                                         NEC_vs_no_ 
                              Ordered    NEC_of_Final_        Total 
                                Value    NEC_File_        Frequency 
 
                                    1    NEC                     31 
                                    2    No NEC                 181 
 
PROC GENMOD is modeling the probability that NEC_vs_no_NEC_of_Final_NEC_File_='NEC'. One way to 
change this to model the probability that NEC_vs_no_NEC_of_Final_NEC_File_='No NEC' is to 
specify the DESCENDING option in the PROC statement. 
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                                     Parameter Information 
 
                          Parameter       Effect       RACE        sex 
 
                          Prm1            Intercept 
                          Prm2            RACE         BLACK 
                          Prm3            RACE         HISPANIC 
                          Prm4            RACE         WHITE 
                          Prm5            sex                      F 
                          Prm6            sex                      M 
                          Prm7            Sum_TFs_ 
                          Prm8            ABX_WKS 
                          Prm9            SUM_VENTS 
 
 
                             Criteria For Assessing Goodness Of Fit 
 
                  Criterion                 DF           Value        Value/DF 
 
                  Deviance                 205        146.7077          0.7156 
                  Scaled Deviance          205        146.7077          0.7156 
                  Pearson Chi-Square       205        323.8786          1.5799 
                  Scaled Pearson X2        205        323.8786          1.5799 
                  Log Likelihood                      -73.3539 
 
          Algorithm converged. 
 
                            Analysis Of Initial Parameter Estimates 
 
                                     Standard   Wald 95% Confidence    Chi- 
  Parameter         DF   Estimate      Error          Limits          Square   Pr > ChiSq 
 
  Intercept          1    -1.0198     0.4369    -1.8760    -0.1636      5.45       0.0196 
  RACE      BLACK    1    -0.7965     0.4634    -1.7047     0.1118      2.95       0.0857 
  RACE      HISPANIC 1     0.2857     0.7205    -1.1264     1.6977      0.16       0.6917 
  RACE        WHITE  0     0.0000     0.0000     0.0000     0.0000       .          . 
  sex         F      1    -0.5391     0.4395    -1.4005     0.3224      1.50       0.2200 
  sex         M      0     0.0000     0.0000     0.0000     0.0000       .          . 
  Sum_TFs_           1     0.1153     0.0286     0.0592     0.1713     16.25       <.0001 
  ABX_WKS            1    -0.4723     0.1430    -0.7526    -0.1919     10.90       0.0010 
  SUM_VENTS          1     0.0047     0.0158    -0.0263     0.0356      0.09       0.7679 
  Scale              0     1.0000     0.0000     1.0000     1.0000 
 
NOTE: The scale parameter was held fixed. 
                                     GEE Model Information 
 
                        Correlation Structure               Exchangeable 
                        Subject Effect                  MRN (182 levels) 
                        Number of Clusters                           182 
                        Correlation Matrix Dimension                   3 
                        Maximum Cluster Size                           3 
                        Minimum Cluster Size                           1 
 
Exchangeable Working Correlation 
                                 Correlation    0.0014402293 
 
                              Analysis Of GEE Parameter Estimates 
                              Empirical Standard Error Estimates 
 
                                        Standard   95% Confidence 
            Parameter          Estimate    Error       Limits            Z Pr > |Z| 
 
            Intercept           -1.0200   0.4461  -1.8942  -0.1457   -2.29   0.0222 
            RACE      BLACK     -0.7961   0.4662  -1.7099   0.1177   -1.71   0.0877 
            RACE      HISPANIC   0.2859   0.6534  -0.9947   1.5666    0.44   0.6617 
            RACE      WHITE      0.0000   0.0000   0.0000   0.0000     .      . 
            sex       F         -0.5393   0.4325  -1.3870   0.3083   -1.25   0.2124 
            sex       M          0.0000   0.0000   0.0000   0.0000     .      . 
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            Sum_TFs_             0.1153   0.0330   0.0507   0.1799    3.50   0.0005 
            ABX_WKS             -0.4722   0.1481  -0.7626  -0.1819   -3.19   0.0014 
            SUM_VENTS            0.0047   0.0125  -0.0199   0.0292    0.37   0.7106 
 
 
                            Score Statistics For Type 3 GEE Analysis 
                                                    Chi- 
                          Source           DF     Square    Pr > ChiSq 
 
                          RACE              2       3.94        0.1396 
                          sex               1       1.57        0.2099 
                          Sum_TFs_          1       8.38        0.0038 
                          ABX_WKS           1      10.14        0.0015 
                          SUM_VENTS         1       0.14        0.7132 
 
 
                                   Contrast Estimate Results 
                            Standard                                     Chi- 
  Label       Estimate       Error     Alpha      Confidence Limits     Square   Pr>ChiSq 
 
  B v W     -0.7961      0.4662      0.05     -1.7099      0.1177      2.92        0.0877 
  Exp(B v W)      0.4511      0.2103      0.05      0.1809      1.1249 
  H v W      0.2859      0.6534      0.05     -0.9947      1.5666      0.19        0.6617 
  Exp(H v W)      1.3310      0.8697      0.05      0.3698      4.7901 
  F v M     -0.5393      0.4325      0.05     -1.3870      0.3083      1.56        0.2124 
  Exp(F v M)      0.5831      0.2522      0.05      0.2498      1.3611 
  Tfs        0.1153      0.0330      0.05      0.0507      0.1799     12.24        0.0005 
  Exp(Tfs)        1.1222      0.0370      0.05      1.0520      1.1970 
  Abx       -0.4722      0.1481      0.05     -0.7626     -0.1819     10.16        0.0014 
  Exp(Abx)        0.6236      0.0924      0.05      0.4665      0.8337 
  Vent       0.0047      0.0125      0.05     -0.0199      0.0292      0.14        0.7106 
  Exp(Vent)       1.0047      0.0126      0.05      0.9803      1.0296 
 
 
Table 16.1:Effects of Neonatal Treatment Risk Factors in the Development of  
NEC in the 27-30 Week Group 
 
The GENMOD Procedure 
 
                                       Model Information 
 
      Data Set                        OUT.NEC2009PDAMINUS400 
      Distribution                                  Binomial 
      Link Function                                    Logit 
      Dependent Variable    NEC_vs_no_NEC_of_Final_NEC_File 
                            Number of Observations Read         212 
                            Number of Observations Used         212 
                            Number of Events                     31 
                            Number of Trials                    212 
 
                                    Class Level Information 
 
            Class      Levels    Values 
 
            RACE            3    BLACK HISPANIC WHITE 
            sex             2    F M 
            ga              4    23 24 25 26 
             
                                        Response Profile 
 
                                         NEC_vs_no_ 
                              Ordered    NEC_of_Final_        Total 
                                Value    NEC_File_        Frequency 
 
                                    1    NEC                     31 
                                    2    No NEC                 181 
 
PROC GENMOD is modeling the probability that NEC_vs_no_NEC_of_Final_NEC_File_='NEC'. One way to 
change this to model the probability that NEC_vs_no_NEC_of_Final_NEC_File_='No NEC' is to 
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specify the DESCENDING option in the PROC statement. 
 
 
                                     Parameter Information 
 
                          Parameter       Effect       RACE        sex 
 
                          Prm1            Intercept 
                          Prm2            RACE         BLACK 
                          Prm3            RACE         HISPANIC 
                          Prm4            RACE         WHITE 
                          Prm5            sex                      F 
                          Prm6            sex                      M 
                          Prm7            Sum_TFs_ 
                          Prm8            ABX_WKS 
                          Prm9            SUM_VENTS 
 
 
                             Criteria For Assessing Goodness Of Fit 
 
                  Criterion                 DF           Value        Value/DF 
 
                  Deviance                 205        146.7077          0.7156 
                  Scaled Deviance          205        146.7077          0.7156 
                  Pearson Chi-Square       205        323.8786          1.5799 
                  Scaled Pearson X2        205        323.8786          1.5799 
                  Log Likelihood                      -73.3539 
 
          Algorithm converged. 
 
 
 
 
                            Analysis Of Initial Parameter Estimates 
 
                                     Standard   Wald 95% Confidence   Chi- 
  Parameter         DF   Estimate      Error          Limits          Square   Pr > ChiSq 
 
  Intercept          1    -1.0198     0.4369    -1.8760    -0.1636      5.45       0.0196 
  RACE   BLACK       1    -0.7965     0.4634    -1.7047     0.1118      2.95       0.0857 
  RACE   HISPANIC    1     0.2857     0.7205    -1.1264     1.6977      0.16       0.6917 
  RACE        WHITE  0     0.0000     0.0000     0.0000     0.0000       .          . 
  sex         F      1    -0.5391     0.4395    -1.4005     0.3224      1.50       0.2200 
  sex         M      0     0.0000     0.0000     0.0000     0.0000       .          . 
  Sum_TFs_           1     0.1153     0.0286     0.0592     0.1713     16.25       <.0001 
  ABX_WKS            1    -0.4723     0.1430    -0.7526    -0.1919     10.90       0.0010 
  SUM_VENTS          1     0.0047     0.0158    -0.0263     0.0356      0.09       0.7679 
  Scale              0     1.0000     0.0000     1.0000     1.0000 
 
NOTE: The scale parameter was held fixed. 
 
                                     GEE Model Information 
 
                        Correlation Structure               Exchangeable 
                        Subject Effect                  MRN (182 levels) 
                        Number of Clusters                           182 
                        Correlation Matrix Dimension                   3 
                        Maximum Cluster Size                           3 
                        Minimum Cluster Size                           1 
 
                                     Exchangeable Working Correlation 
 
                                  Correlation    0.0014402293 
 
                              Analysis Of GEE Parameter Estimates 
                              Empirical Standard Error Estimates 
 
                                        Standard   95% Confidence 
            Parameter          Estimate    Error       Limits            Z Pr > |Z| 
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            Intercept           -1.0200   0.4461  -1.8942  -0.1457   -2.29   0.0222 
            RACE      BLACK     -0.7961   0.4662  -1.7099   0.1177   -1.71   0.0877 
            RACE      HISPANIC   0.2859   0.6534  -0.9947   1.5666    0.44   0.6617 
            RACE      WHITE      0.0000   0.0000   0.0000   0.0000     .      . 
            sex       F         -0.5393   0.4325  -1.3870   0.3083   -1.25   0.2124 
            sex       M          0.0000   0.0000   0.0000   0.0000     .      . 
            Sum_TFs_             0.1153   0.0330   0.0507   0.1799    3.50   0.0005 
            ABX_WKS             -0.4722   0.1481  -0.7626  -0.1819   -3.19   0.0014 
            SUM_VENTS            0.0047   0.0125  -0.0199   0.0292    0.37   0.7106 
 
                            Score Statistics For Type 3 GEE Analysis 
 
                                                    Chi- 
                          Source           DF     Square    Pr > ChiSq 
                          RACE              2       3.94        0.1396 
                          sex               1       1.57        0.2099 
                          Sum_TFs_          1       8.38        0.0038 
                          ABX_WKS           1      10.14        0.0015 
                          SUM_VENTS         1       0.14        0.7132 
                                   Contrast Estimate Results 
 
                            Standard                                    Chi- 
  Label      Estimate       Error     Alpha      Confidence Limits     Square   Pr> ChiSq 
 
  B v W      0.7961      0.4662      0.05     -1.7099      0.1177      2.92        0.0877 
  Exp(B v W)      0.4511      0.2103      0.05      0.1809      1.1249 
  H v W      0.2859      0.6534      0.05     -0.9947      1.5666      0.19        0.6617 
  Exp(H v W)      1.3310      0.8697      0.05      0.3698      4.7901 
  F v M     -0.5393      0.4325      0.05     -1.3870      0.3083      1.56        0.2124 
  Exp(F v M)      0.5831      0.2522      0.05      0.2498      1.3611 
  Tfs        0.1153      0.0330      0.05      0.0507      0.1799     12.24        0.0005 
  Exp(Tfs)        1.1222      0.0370      0.05      1.0520      1.1970 
  Abx       -0.4722      0.1481      0.05     -0.7626     -0.1819     10.16        0.0014 
  Exp(Abx)        0.6236      0.0924      0.05      0.4665      0.8337 
  Vent       0.0047      0.0125      0.05     -0.0199      0.0292      0.14        0.7106 
  Exp(Vent)       1.0047      0.0126      0.05      0.9803      1.0296 
 
 
Table 17: Effects of Maternal Infection on the Preterm Infant Infection in the 
23 to 26 Week Group 
                             The LOGISTIC Procedure 
                              Model Information 
 
              Data Set                      OUT.NEC2009PDAMINUS400 
              Response Variable             mat_inf_yn 
              Number of Response Levels     2 
              Model                         binary logit 
              Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                                
Response Profile 
 
                                     mat_ 
                         Ordered     inf_         Total 
                           Value     yn       Frequency 
 
                               1     Yes             73 
                               2     No             140 
 
                    Probability modeled is mat_inf_yn='Yes'. 
 
                            Class Level Information 
 
                                                 Design 
                        Class     Value        Variables 
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                        RACE      BLACK         1      0 
                                  HISPANIC      0      1 
                                  WHITE         0      0 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
 
                     AIC             275.844        268.439 
                     SC              279.205        281.884 
                     -2 Log L        273.844        260.439 
 
                    Testing Global Null Hypothesis: BETA=0 
 
            Test                 Chi-Square       DF     Pr > ChiSq 
            Likelihood Ratio        13.4049        3         0.0038 
            Score                   12.9967        3         0.0046 
            Wald                    12.3531        3         0.0063 
 
                           
Type 3 Analysis of Effects 
 
                                            Wald 
                  Effect        DF    Chi-Square    Pr > ChiSq 
 
                  SUM_ABXs       1        3.6395        0.0564 
                  RACE           2        9.6105        0.0082 
 
                    Analysis of Maximum Likelihood Estimates 
 
                                          Standard          Wald 
  Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
  Intercept              1     -1.5212      0.3409       19.9116        <.0001 
  SUM_ABXs               1      0.0145     0.00759        3.6395        0.0564 
  RACE      BLACK        1      0.8835      0.3314        7.1051        0.0077 
  RACE      HISPANIC     1     -0.3345      0.6281        0.2836        0.5943 
 
                             Odds Ratio Estimates 
 
                                           Point          95% Wald 
       Effect                           Estimate      Confidence Limits 
 
       SUM_ABXs                            1.015       1.000       1.030 
       RACE     BLACK    vs WHITE          2.419       1.263       4.632 
       RACE     HISPANIC vs WHITE          0.716       0.209       2.451 
 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     63.5    Somers' D    0.280 
               Percent Discordant     35.5    Gamma        0.283 
               Percent Tied            1.0    Tau-a        0.127 
               Pairs                 10220    c            0.640 
 
 
                              Adjusted Odds Ratios 
                       Effect           Unit     Estimate 
                       SUM_ABXs       7.0000        1.107 
                             Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
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                  B vs H         1        4.1615        0.0414 
                  B vs W         1        7.1051        0.0077 
 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
B vs H     EXP           1     3.3803     2.0182     0.05     1.0489    10.8936 
B vs W     EXP           1     2.4193     0.8018     0.05     1.2635     4.6323 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       4.1615        0.0414 
             B vs W     EXP           1       7.1051        0.0077 
 
 
Table 17.1: Effects of Maternal Infection on the Preterm Infant Infection for 
the 27-30 Week Group 
                              The LOGISTIC Procedure 
 
                               Model Information 
 
              Data Set                      OUT.NEC2009PDAMINUS400 
              Response Variable             mat_inf_yn 
              Number of Response Levels     2 
              Model                         binary logit 
              Optimization Technique        Fisher's scoring 
 
                    Number of Observations Read         335 
                    Number of Observations Used         335 
 
                                Response Profile 
 
                                     mat_ 
                         Ordered     inf_         Total 
                           Value     yn       Frequency 
 
                               1     Yes            106 
                               2     No             229 
 
                    Probability modeled is mat_inf_yn='Yes'. 
 
                            Class Level Information 
 
                                                 Design 
                        Class     Value        Variables 
                        RACE      BLACK         1      0 
                                  HISPANIC      0      1 
                                  WHITE         0      0 
 
                            Model Convergence Status 
 
                 Convergence criterion (GCONV=1E-8) satisfied. 
 
                              Model Fit Statistics 
 
                                                  Intercept 
                                   Intercept            and 
                     Criterion          Only     Covariates 
                     AIC             420.174        409.420 
                     SC              423.988        424.676 
                     -2 Log L        418.174        401.420 
 
                    Testing Global Null Hypothesis: BETA=0 
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            Test                 Chi-Square       DF     Pr > ChiSq 
 
            Likelihood Ratio        16.7540        3         0.0008 
            Score                   16.3389        3         0.0010 
            Wald                    15.7884        3         0.0013 
 
 
                           Type 3 Analysis of Effects 
 
                                            Wald 
                  Effect        DF    Chi-Square    Pr > ChiSq 
 
                  SUM_ABXs       1        1.3541        0.2446 
                  RACE           2       14.9084        0.0006 
 
                    Analysis of Maximum Likelihood Estimates 
 
                                          Standard          Wald 
  Parameter             DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
  Intercept              1     -1.1457      0.2320       24.3884        <.0001 
  SUM_ABXs               1    -0.00985     0.00847        1.3541        0.2446 
  RACE      BLACK        1      0.8990      0.2642       11.5785        0.0007 
  RACE      HISPANIC     1     -0.2653      0.5003        0.2813        0.5959 
 
                             Odds Ratio Estimates 
 
                                           Point          95% Wald 
       Effect                           Estimate      Confidence Limits 
 
       SUM_ABXs                            0.990       0.974       1.007 
       RACE     BLACK    vs WHITE          2.457       1.464       4.124 
       RACE     HISPANIC vs WHITE          0.767       0.288       2.045 
 
         Association of Predicted Probabilities and Observed Responses 
 
               Percent Concordant     61.8    Somers' D    0.261 
               Percent Discordant     35.7    Gamma        0.267 
               Percent Tied            2.5    Tau-a        0.113 
               Pairs                 24274    c            0.630 
 
                              Adjusted Odds Ratios 
 
                       Effect           Unit     Estimate 
 
                       SUM_ABXs       7.0000        0.933 
 
                            Contrast Test Results 
 
                                            Wald 
                  Contrast      DF    Chi-Square    Pr > ChiSq 
 
                  B vs H         1        5.9370        0.0148 
                  B vs W         1       11.5785        0.0007 
 
                 Contrast Rows Estimation and Testing Results 
 
                                        Standard 
Contrast   Type        Row   Estimate      Error    Alpha    Confidence Limits 
 
B vs H     EXP           1     3.2038     1.5310     0.05     1.2558     8.1737 
B vs W     EXP           1     2.4572     0.6492     0.05     1.4640     4.1240 
 
                 Contrast Rows Estimation and Testing Results 
 
                                                Wald 
             Contrast   Type        Row   Chi-Square    Pr > ChiSq 
 
             B vs H     EXP           1       5.9370        0.0148 
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             B vs W     EXP           1      11.5785        0.0007 
 
 
Table 18:Pearson Correlation Between Mechanical Ventilation and Infection 
in the 23 to 26 Week Group 
                               The CORR Procedure 
 
                       2  Variables:    SUM_VENTS SUM_ABXs 
 
                               Simple Statistics 
 
Variable          N        Mean     Std Dev         Sum     Minimum     Maximum 
 
SUM_VENTS       213    21.99061    20.88038        4684           0   128.00000 
SUM_ABXs        213    25.12676    19.53101        5352           0   103.00000 
 
                               Simple Statistics 
 
                              Variable   Label 
                              SUM_VENTS  SUM_VENTS 
                              SUM_ABXs   SUM_ABXs 
 
                   Pearson Correlation Coefficients, N = 213 
                           Prob > |r| under H0: Rho=0 
 
                                    SUM_VENTS      SUM_ABXs 
                     SUM_VENTS        1.00000       0.67624 
                     SUM_VENTS                       <.0001 
 
                     SUM_ABXs         0.67624       1.00000 
                     SUM_ABXs          <.0001 
 
                               The REG Procedure 
                                 Model: MODEL1 
                    Dependent Variable: SUM_VENTS SUM_VENTS 
 
                    Number of Observations Read         213 
                    Number of Observations Used         213 
 
                         
Analysis of Variance 
 
                                     Sum of           Mean 
 Source                   DF        Squares         Square    F Value    Pr > F 
 
 Model                     1          42268          42268     177.79    <.0001 
 Error                   211          50162      237.73506 
 Corrected Total         212          92430 
 
 
              Root MSE             15.41866    R-Square     0.4573 
              Dependent Mean       21.99061    Adj R-Sq     0.4547 
              Coeff Var            70.11474 
 
 
                              Parameter Estimates 
 
                                 Parameter      Standard 
  Variable    Label       DF      Estimate         Error   t Value   Pr > |t| 
 
  Intercept   Intercept    1       3.82503       1.72399      2.22     0.0276 
  SUM_ABXs    SUM_ABXs     1       0.72296       0.05422     13.33     <.0001 
 
 
Table 18.1: Pearson Correlation Between Mechanical Ventilation and Infection 
in the 27 to 30 Week Group 
 
                               The CORR Procedure 
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                       2  Variables:    SUM_VENTS SUM_ABXs 
 
                               Simple Statistics 
 
Variable          N        Mean     Std Dev         Sum     Minimum     Maximum 
 
SUM_VENTS       335     5.57910    10.69692        1869           0    74.00000 
SUM_ABXs        335    11.89552    15.69120        3985           0   140.00000 
 
                               Simple Statistics 
 
                              Variable   Label 
 
                              SUM_VENTS  SUM_VENTS 
                              SUM_ABXs   SUM_ABXs 
 
 
                   Pearson Correlation Coefficients, N = 335 
                           Prob > |r| under H0: Rho=0 
 
                                    SUM_VENTS      SUM_ABXs 
 
                     SUM_VENTS        1.00000       0.68258 
                     SUM_VENTS                       <.0001 
 
                     SUM_ABXs         0.68258       1.00000 
                     SUM_ABXs          <.0001 
 
                               The REG Procedure 
                                 Model: MODEL1 
                    Dependent Variable: SUM_VENTS SUM_VENTS 
 
                    Number of Observations Read         335 
                    Number of Observations Used         335 
 
                              Analysis of Variance 
 
                                     Sum of           Mean 
 Source                   DF        Squares         Square    F Value    Pr > F 
 
 Model                     1          17806          17806     290.50    <.0001 
 Error                   333          20411       61.29535 
 Corrected Total         334          38218 
 
              Root MSE              7.82913    R-Square     0.4659 
              Dependent Mean        5.57910    Adj R-Sq     0.4643 
              Coeff Var           140.32960 
 
                              Parameter Estimates 
 
                                 Parameter      Standard 
  Variable    Label       DF      Estimate         Error   t Value   Pr > |t| 
  Intercept   Intercept    1       0.04380       0.53707      0.08     0.9350 
  SUM_ABXs    SUM_ABXs     1       0.46533       0.02730     17.04     <.0001 
 
 
Table 19: Differences between Means for Black Males with NEC and White (Male and Females), Hispanic 
(Male and Females), Black Females With and Without NEC and Black Males without NEC in the amount of 
Mechanical Ventilation Days, PRBC Transfusions and Antibiotic Days Prior to the Development of NEC 
 
The MEANS Procedure 
                N 
  Black_NEC   Obs   Variable    Label         N           Mean        Std Dev 
  ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
  N           510   SUM_VENTS   SUM_VENTS   510     12.3294118     18.7133615 
                    Sum_TFs_    Sum_TFs_    510      5.2764706      9.1451961 
                    SUM_ABXs    SUM_ABXs    510     17.8411765     20.7183439 
 
  Y            36   SUM_VENTS   SUM_VENTS    36     10.9722222     14.6784314 
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                    Sum_TFs_    Sum_TFs_     36     12.3055556     10.7910530 
                    SUM_ABXs    SUM_ABXs     36     13.2777778     10.1913440 
  ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
                   N 
     Black_NEC   Obs   Variable    Label            Minimum         Maximum 
     ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
     N           510   SUM_VENTS   SUM_VENTS              0     154.0000000 
                       Sum_TFs_    Sum_TFs_               0      77.0000000 
                       SUM_ABXs    SUM_ABXs               0     200.0000000 
 
     Y            36   SUM_VENTS   SUM_VENTS              0      43.0000000 
                       Sum_TFs_    Sum_TFs_               0      43.0000000 
                       SUM_ABXs    SUM_ABXs               0      43.0000000 
     ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
 
              Wilcoxon Scores (Rank Sums) for Variable SUM_VENTS 
                       Classified by Variable Black_NEC 
 
                            Sum of      Expected       Std Dev          Mean 
   Black_NEC       N        Scores      Under H0      Under H0         Score 
   ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
   N             510     139461.50      139485.0    908.133982    273.453922 
   Y              36       9869.50        9846.0    908.133982    274.152778 
 
                      Average scores were used for ties. 
 
 
                           Wilcoxon Two-Sample Test 
 
                        Statistic             9869.5000 
 
                        Normal Approximation 
                        Z                        0.0253 
                        One-Sided Pr >  Z        0.4899 
                        Two-Sided Pr > |Z|       0.9798 
 
                        t Approximation 
                        One-Sided Pr >  Z        0.4899 
                        Two-Sided Pr > |Z|       0.9798 
 
                   Z includes a continuity correction of 0.5. 
 
                              Kruskal-Wallis Test 
 
                        Chi-Square               0.0007 
                        DF                            1 
                        Pr > Chi-Square          0.9794 
 
 
               Wilcoxon Scores (Rank Sums) for Variable Sum_TFs_ 
                       Classified by Variable Black_NEC 
 
                            Sum of      Expected       Std Dev          Mean 
   Black_NEC       N        Scores      Under H0      Under H0         Score 
   ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
   N             510      135256.0      139485.0    870.586265    265.207843 
   Y              36       14075.0        9846.0    870.586265    390.972222 
 
                      Average scores were used for ties. 
 
                            Wilcoxon Two-Sample Test 
 
                        Statistic             14075.0000 
                        Normal Approximation 
                        Z                         4.8571 
                        One-Sided Pr >  Z         <.0001 
                        Two-Sided Pr > |Z|        <.0001 
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                        t Approximation 
                        One-Sided Pr >  Z         <.0001 
                        Two-Sided Pr > |Z|        <.0001 
 
                   Z includes a continuity correction of 0.5. 
 
                              Kruskal-Wallis Test 
 
                        Chi-Square               23.5967 
                        DF                             1 
                        Pr > Chi-Square           <.0001 
 
               Wilcoxon Scores (Rank Sums) for Variable SUM_ABXs 
                       Classified by Variable Black_NEC 
 
                            Sum of      Expected       Std Dev          Mean 
   Black_NEC       N        Scores      Under H0      Under H0         Score 
   ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
   N             510      139579.0      139485.0    914.079372    273.684314 
   Y              36        9752.0        9846.0    914.079372    270.888889 
 
                      Average scores were used for ties. 
 
                           Wilcoxon Two-Sample Test 
 
                        Statistic             9752.0000 
 
                        Normal Approximation 
                        Z                       -0.1023 
                        One-Sided Pr <  Z        0.4593 
                        Two-Sided Pr > |Z|       0.9185 
 
                        t Approximation 
                        One-Sided Pr <  Z        0.4593 
                        Two-Sided Pr > |Z|       0.9186 
 
                   Z includes a continuity correction of 0.5. 
 
                              Kruskal-Wallis Test 
 
                        Chi-Square               0.0106 
                        DF                            1 
                        Pr > Chi-Square          0.9181 
 
 
 
 
 
Table 20: Differences between Means for All Black Males (with and without NEC) and White (Male and 
Females), Hispanic (Male and Females) and Black Females with and without NEC in the amount of 
Mechanical Ventilation Days, PRBC Transfusions and Antibiotic Days Prior to the 
Development of NEC 
The MEANS Procedure 
 
Black    N 
Male   Obs  Variable   Label        N          Mean       Std Dev       Minimum 
ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
N      407  SUM_VENTS  SUM_VENTS  407    11.1498771    16.5170354             0 
            Sum_TFs_   Sum_TFs_   407     5.3071253     8.8290566             0 
            SUM_ABXs   SUM_ABXs   407    15.9508600    18.0237266             0 
 
Y      139  SUM_VENTS  SUM_VENTS  139    15.4316547    23.0292978             0 
            Sum_TFs_   Sum_TFs_   139     7.0071942    10.8877650             0 
            SUM_ABXs   SUM_ABXs   139    22.1942446    25.0931244             0 
ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
                 Black    N 
                 Male   Obs  Variable   Label           Maximum 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
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                 N      407  SUM_VENTS  SUM_VENTS    90.0000000 
                             Sum_TFs_   Sum_TFs_     74.0000000 
                             SUM_ABXs   SUM_ABXs    140.0000000 
 
                 Y      139  SUM_VENTS  SUM_VENTS   154.0000000 
                             Sum_TFs_   Sum_TFs_     77.0000000 
                             SUM_ABXs   SUM_ABXs    200.0000000 
                 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
 
               Wilcoxon Scores (Rank Sums) for Variable SUM_VENTS 
                       Classified by Variable Black_Male 
 
     Black_                Sum of      Expected       Std Dev          Mean 
     Male         N        Scores      Under H0      Under H0         Score 
     ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
     N          407     108569.50     111314.50    1594.10966    266.755528 
     Y          139      40761.50      38016.50    1594.10966    293.248201 
 
                       Average scores were used for ties. 
 
 
                            Wilcoxon Two-Sample Test 
 
                        Statistic             40761.5000 
 
                        Normal Approximation 
                        Z                         1.7217 
                        One-Sided Pr >  Z         0.0426 
                        Two-Sided Pr > |Z|        0.0851 
 
                        t Approximation 
                        One-Sided Pr >  Z         0.0429 
                        Two-Sided Pr > |Z|        0.0857 
 
                   Z includes a continuity correction of 0.5. 
 
 
                              Kruskal-Wallis Test 
 
                        Chi-Square                2.9652 
                        DF                             1 
                        Pr > Chi-Square           0.0851 
 
               Wilcoxon Scores (Rank Sums) for Variable Sum_TFs_ 
                       Classified by Variable Black_Male 
 
     Black_                Sum of      Expected       Std Dev          Mean 
     Male         N        Scores      Under H0      Under H0         Score 
     ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
     N          407      107961.0     111314.50    1528.19959    265.260442 
     Y          139       41370.0      38016.50    1528.19959    297.625899 
 
                       Average scores were used for ties. 
 
                            Wilcoxon Two-Sample Test 
 
                        Statistic             41370.0000 
 
                        Normal Approximation 
                        Z                         2.1941 
                        One-Sided Pr >  Z         0.0141 
                        Two-Sided Pr > |Z|        0.0282 
 
                        t Approximation 
                        One-Sided Pr >  Z         0.0143 
                        Two-Sided Pr > |Z|        0.0287 
 
                   Z includes a continuity correction of 0.5. 
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                              Kruskal-Wallis Test 
 
                        Chi-Square                4.8154 
                        DF                             1 
                        Pr > Chi-Square           0.0282 
 
 
               Wilcoxon Scores (Rank Sums) for Variable SUM_ABXs 
                       Classified by Variable Black_Male 
 
     Black_                Sum of      Expected       Std Dev          Mean 
     Male         N        Scores      Under H0      Under H0         Score 
     ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 
     N          407     105650.50     111314.50    1604.54601    259.583538 
     Y          139      43680.50      38016.50    1604.54601    314.248201 
 
                       Average scores were used for ties. 
 
 
                            Wilcoxon Two-Sample Test 
 
                        Statistic             43680.5000 
                        Normal Approximation 
                        Z                         3.5297 
                        One-Sided Pr >  Z         0.0002 
                        Two-Sided Pr > |Z|        0.0004 
 
                        t Approximation 
                        One-Sided Pr >  Z         0.0002 
                        Two-Sided Pr > |Z|        0.0005 
 
                   Z includes a continuity correction of 0.5. 
 
                              Kruskal-Wallis Test 
 
                        Chi-Square               12.4607 
                        DF                             1 
                        Pr > Chi-Square           0.0004 
 
Table 19: Differences between Means for Black Males with NEC and Black Males 514 
                                                     09:12 Tuesday, June 2, 2009 
 
                               The GLM Procedure 
 
                            Class Level Information 
 
                 Class         Levels    Values 
 
                 sex                2    F M 
 
                 RACE               3    BLACK HISPANIC WHITE 
 
 
                    Number of Observations Read         548 
                    Number of Observations Used         548 
 
Table 21: Least Squares Means for All Preterm Infants for Mechanical Ventilation Days 
 
The GLM Procedure 
 
Dependent Variable: SUM_VENTS   SUM_VENTS 
 
                                       Sum of 
 Source                     DF        Squares    Mean Square   F Value   Pr > F 
 
 Model                       5      2862.5533       572.5107      1.91   0.0917 
 
 Error                     542    162855.4814       300.4714 
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 Corrected Total           547    165718.0347 
 
             R-Square     Coeff Var      Root MSE    SUM_VENTS Mean 
 
             0.017274      144.9579      17.33411          11.95803 
 
 Source                     DF      Type I SS    Mean Square   F Value   Pr > F 
 sex*RACE                    5    2862.553298     572.510660      1.91   0.0917 
 Source                     DF    Type III SS    Mean Square   F Value   Pr > F 
 sex*RACE                    5    2862.553298     572.510660      1.91   0.0917 
 
                               The GLM Procedure 
                              Least Squares Means 
               Adjustment for Multiple Comparisons: Tukey-Kramer 
 
                                        SUM_VENTS      LSMEAN 
                  sex    RACE              LSMEAN      Number 
 
                  F      BLACK          9.7612903           1 
                  F      HISPANIC       7.2727273           2 
                  F      WHITE         12.6630435           3 
                  M      BLACK         14.5395683           4 
                  M      HISPANIC      16.1612903           5 
                  M      WHITE         10.9449541           6 
 
 
                    
 Least Squares Means for effect sex*RACE 
                      Pr > |t| for H0: LSMean(i)=LSMean(j) 
 
                         Dependent Variable: SUM_VENTS 
 
  i/j            1           2           3           4           5           6 
 
     1                  0.9888      0.8003      0.1725      0.4178      0.9942 
     2      0.9888                  0.7794      0.4491      0.4412      0.9448 
     3      0.8003      0.7794                  0.9665      0.9267      0.9819 
     4      0.1725      0.4491      0.9665                  0.9971      0.5850 
     5      0.4178      0.4412      0.9267      0.9971                  0.6783 
     6      0.9942      0.9448      0.9819      0.5850      0.6783 
 
 
Table 22. Least Squares Means for All Preterm for PRBC Transfusions 
The GLM Procedure 
 
Dependent Variable: Sum_TFs_   Sum_TFs_ 
 
                                       Sum of 
 Source                     DF        Squares    Mean Square   F Value   Pr > F 
 
 Model                       5      253.22129       50.64426      0.64   0.6658 
 Error                     542    42585.79148       78.57157 
 Corrected Total           547    42839.01277 
 
 
             R-Square     Coeff Var      Root MSE    Sum_TFs_ Mean 
 
             0.005911      159.4193      8.864061         5.560219 
 
 
 Source                DF      Type I SS    Mean Square   F Value   Pr > F 
 
 sex*RACE              5    253.2212918     50.6442584      0.64   0.6658 
 
 Source                DF    Type III SS    Mean Square   F Value   Pr > F 
 sex*RACE              5    253.2212918     50.6442584      0.64   0.6658 
 
                               The GLM Procedure 
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                              Least Squares Means 
               Adjustment for Multiple Comparisons: Tukey-Kramer 
 
                                         Sum_TFs_      LSMEAN 
                  sex    RACE              LSMEAN      Number 
 
                  F      BLACK         5.27741935           1 
                  F      HISPANIC      6.13636364           2 
                  F      WHITE         5.69565217           3 
                  M      BLACK         6.53956835           4 
                  M      HISPANIC      4.74193548           5 
                  M      WHITE         4.71559633           6 
 
 
                    Least Squares Means for effect sex*RACE 
                      Pr > |t| for H0: LSMean(i)=LSMean(j) 
 
                          Dependent Variable: Sum_TFs_ 
 
  i/j            1           2           3           4           5           6 
 
     1                  0.9982      0.9992      0.8276      0.9996      0.9959 
     2      0.9982                  0.9999      1.0000      0.9932      0.9835 
     3      0.9992      0.9999                  0.9809      0.9955      0.9707 
     4      0.8276      1.0000      0.9809                  0.9109      0.5934 
     5      0.9996      0.9932      0.9955      0.9109                  1.0000 
     6      0.9959      0.9835      0.9707      0.5934      1.0000 
 
 
Table 23. Least Squares Means for All Preterm for Antibiotic Days 
The GLM Procedure 
 
Dependent Variable: SUM_ABXs   SUM_ABXs 
 
                                       Sum of 
 Source                     DF        Squares    Mean Square   F Value   Pr > F 
 
 Model                       5      5602.1424      1120.4285      3.37   0.0053 
 
 Error                     542    180298.0529       332.6532 
 
 Corrected Total           547    185900.1953 
 
 
             R-Square     Coeff Var      Root MSE    SUM_ABXs Mean 
 
             0.030135      107.0457      18.23878         17.03832 
 
 
 Source                     DF      Type I SS    Mean Square   F Value   Pr > F 
 sex*RACE                    5    5602.142379    1120.428476      3.37   0.0053 
 Source                     DF    Type III SS    Mean Square   F Value   Pr > F 
 sex*RACE                    5    5602.142379    1120.428476      3.37   0.0053 
 
 
                               The GLM Procedure 
                              Least Squares Means 
               Adjustment for Multiple Comparisons: Tukey-Kramer 
 
                                         SUM_ABXs      LSMEAN 
                  sex    RACE              LSMEAN      Number 
 
                  F      BLACK         14.4129032           1 
                  F      HISPANIC      10.7272727           2 
                  F      WHITE         16.1521739           3 
                  M      BLACK         21.1942446           4 
                  M      HISPANIC      22.8064516           5 
                  M      WHITE         15.8532110           6 
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                    Least Squares Means for effect sex*RACE 
                      Pr > |t| for H0: LSMean(i)=LSMean(j) 
 
                          Dependent Variable: SUM_ABXs 
 
  i/j            1           2           3           4           5           6 
 
     1                  0.9496      0.9789      0.0191      0.1803      0.9886 
     2      0.9496                  0.8101      0.1255      0.1666      0.8357 
     3      0.9789      0.8101                  0.3118      0.4948      1.0000 
     4      0.0191      0.1255      0.3118                  0.9978      0.2003 
     5      0.1803      0.1666      0.4948      0.9978                  0.4200 
     6      0.9886      0.8357      1.0000      0.2003      0.4200 
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